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(54) INTERFERENCE TYPE OPTICAL DEVICE INCLUDING OPTICAL RESONATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To separate a light signal having channels 
isolated in proximity to two light signals by an optical beam coupling 
means which is optically connected to the first and second ports of a 
resonance light cavity and is coupled so as to interfere light emerging 
from the first and second ports in order to supply light output. 
SOLUTION: A phase shifter 1 17 for delaying the light signal is optically 
coupled to the third port 103 at the end of a Fabry-Perot etalon 1 10. A 
50/50 divider 119 is arranged and optically coupled between the output 
end of the phase shifter 1 17 and the second port 102 of the Fabry- 
Perot etalon 1 10. When incident light is made incident on the input port 
101 of the etalon, a phase difference between the coming back signal 
emanating from the end face 103 and the coming back signal emanating 
from the end face 102 is 0 or 7T radian and changes by each of all 
spectra transmission resonances. The fixation of the phase difference 
between the transmitted and reflected E fields is induced by the multiple 
interference effects in the etalon. Namely, a band-pass filter is 
embodied by causing the interference of the two coming back signals. 
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[0 0 3 3] 02 (A) X, 3C-f U— /t— HII 

14, m-^wsw^Bi i o aia^-a^-^mKm 

38® l i 0b$^7r/g • ^n— x^a>7^;i/^ 
lio (03id<fcOi¥»::5S-r) oiS©3*-hM 
m&StS. 7 77*'J -<n— x^n>«, 3g®l 10b 
\ZAtl#— h 1 0 1 £, 7 7 7*'J • ^D-X^D>7^ 40 

;i^Rats«5 1 1 o icjg-tf- m 02$, *>«fctfHj7j 
#- h i lt$k siaas® 1 1 o a\zm&-$nrcm~# 

-H0 3S)t-3. 7 7 7*'J • ^P-X^P^^Jl/^ 

lion svwcifim-g-n, &m&&f$.Tz>3bz>m%.o 

X^D>7^;^1 10l:»bT, Si&fcig0l47r 
©fg&T* 0 , 2 »c ©{g|Sa?£>-5. 

[0 0 3 4] ^-C*ii^m#*fW^wjffi»CJlM$-&«» 
«M§8§»4, 7 7 7*U • -sD-X^P>l 1 o ©sggrrm 
H#- M 0 3 fcft^WKtt&Sft*. 5 0 / 5 0 #m 50 
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§§i i9d i 7<DtiU]Wt77-7v • ^p- 

i l 7 43<fctf#iiJ8§i i 9 \zm<K7 7^ 
*»)»*b<&v^ft3g|li]TO«fTiaStttSfl5K»J»b 

feA^©^730$efflf^XolX*-5. GRINP>X© 

% 7 r -f /Vs £ (43t 7 r -f / 1**5. * Z. **S-g-T -5 
©Kff^LV*. 
[0 0 3 5] *»W#t4«jfi. x^n>, 0>J;U4X*P 

>i i o^6E#tsn*«t^easn3ftE7-r-;uKffi 

L-fco EC A^3t* { X^P>C5A^3#-h 1 0 1 ICA 
WStlfcBt. SI10 3 &mS!Hft*m-3£g|BI 1 0 2 £ 

©££#0 2 (a) tc^sn, £Jl-T?ffi*HfiifcRl::*tL 
-f -JU Hffl©<fltfB3£©Bj£«, x^ a >ft©£.B^2& 
[0 0 3 6] *5S^»4, £©#flfc£, 0»Jk.«¥«X^^ 

mn&=FW*2itz>z\tiz£t)mm-rz>. 777*0-^0 
— x^p>i 1 0 <DmMT^m^tn^>zz'D<Dmnm<D^L 

^fc(4«ifias-&fcae){CjiJD-r^-5. x^d>i 

1 0 t-2t5 0/5 0 ^fijgg 119 ^1, *<tZ^X 

^P>1 1 0O#-h3t5 0/5 ottmm$<nyt77 
-fA^©iS8Sft©^{4-i?P^-t?*§*\ Sfet4X^P 
>©g*X^^ h;H^©*^IE«^§|J:-C*t3#S© 

[0037] *>u t^w-©-^©t-ap^, -r^^-fe 

*-h3^e,©ffi73 : E R e J 9 R +E T e 

j ( e t - ic / 2 ) 



#-h2^e.©W73 : E T e J 

j ( 9 R - * ✓ 2 ) 



+ E, 



[0 0 3 8] ££T\ 6>R*3«t^0T(4X^P>|rJ;-p 

I r . . = 1/2 (E»'+E t '+2E»E t cos 
(A9) ) 

[0 0 3 9] iCT, A 0f4—^©E7-i'— Jl/Hm©ffi 



1*. 
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mmtK/2tUZ>. £fct>U6> R-0T = 7t©B#, pj 
[0 0 4 0] l^bfca*£, 7C/2ffiffla**^F*«-7- 

h 3j&*£©tB7j :E R e lSR +E T e' (,T) 
#-h2*^©W* :E r e 1 l,T,,/!) +E, 

e J { 0 R - it / 2 ) 

[0 0 4 1] ±f2^S>#^-5«fc5l;^ ^F#tt-A^COtB^ 10 

iZK&m&m*,, *rtuz--z>e>mnmz&mt l £ y mitit 
#— h 3 Tcoai^*5<tz>*^- h 2 -coaj*fc»-r*ffiffi 

^•n ; ?n0R-0T43^!>*6»R-0T-7rT* 

tnz-ttTz&mmiz, j tn : eno%>£tf7t-c&?>o. e 

R- d T = 7tl^bT{i, 7t?— h 3*3,tCX2IC*5tt^iB 

[0 0 4 2] ^fijggco— o<Dm^;ir*5^-5#^v>^ 20 

[0 0 4 3] »fiJg§ir««$n^HISSCD-0©T-A<D 
>C9^®CDR^SM^.«6 0 %<h 1 %©S£f33£8fC> 

3©» i&fiB^©jg/?HC*rfljT?&£. Hie, feb-'Q© 30 

[0044] S4 (a) d^e>4 (c) \z$>\,*t, mmm 

^UzfU-h4 2 a*3«kZ/4 2 b (ETFv SUSSCXlx- h 
4 2 £8fO„ 

[0 0 4 5] —^OT^thSg^y I/- h 4 2 m<DX^.- 40 

•y— MT?s$n&Bf4i^x5 0/5 on- 

X-f>^ (0^:) £&0 0 £©j£ig|tt, 7 P ^-K4 2ffl 
h;M££^rT3>5 A©^J6^££ftfc^8;© 

[0 0 4 6] 04 (a) 43«fctf4 (b) ©yi/-fyH 
<>T7n (GRIN) l/>X40a~40clt JggfS;/ 

ffl^tf-hWl^XKluaSrifg^k^lrflK. &4 50 
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1 a*J:tf4 1 btt, t'-A£#5t©#- HcfttT-Sfc 

X4 0 a©A2j#-McA»lx&3tett. TV-hffiCDX 

[0 0 4 7] ft©*t)5 0%tax^D>©3jJSgP*5lUT 
e^$n. &4 1 alC&ttU ^V^TU>X4 1 btCft 
tte.tiSiigSSlc:t¥5. g| ^©ftfiX^D >©&;#£$! L 
T£jf£*-U &4 1 blCflgfrMSfcO, -^T&lATfl^ 

X4 o c©ji?— Mcrsjttstis. ^sn^^ic, ^fr 

igfiAl, A 2. A3, A 4. . . . A n £#-0^ > 

jnit/>x*4 o bticfcou o c ©#— h-e. -^-n-^n? 1 

t>^;^JH7*A 1, A3. A5. . . tA2, A 

t-o©^< u -y$nfc^;u-^*ti«-r*. 

[0 0 4 8] 0 4 (b) «U 0 4 (a) ©|5jC[eIg§^ 

-r > * - u - 72 nfc? * > & -f > ^ - u - x-r ■& 
feae>t;, mft\z'&j3&]%-v&m-ztimz>fr&m*k?z>. 

M\Z, 04 (c) «, GRINl/>X4 0 d©##J©A73# 

K>mz.z>rzt£>\zmm-T?gz,z\t$:m7jk-?z>. 

[0 0 4 9] B3 5*#«gUT, «ilJl^^^/\*-f X 

fcBt^-ne.©*®* i o rawtmi*iK¥fifK:«o;fc«> 
©iraa©tt4:&T»tHB«y^- h©n-^w >^"b 

[ 0 0 5 0 ] ?WHtt*l»f*, 5 0/5 03-f^>y 

-j-4>ififii3.K. m4\z7at<nfzmm/MMGRiKu> 

X«, 0 5Ttt0©^Ktt©feje>IC^$tlTV^«CV>. - 

■ooyp&writMfi'— v 4 2 ra©*a*f?a&M£i*ts-r5 

Mt>D-5 2^ 7V-h 5 2©^gBiC^^tXTVi 
•5. J8»^ r P-h4 2©«HKfiF«-&fcato*l&t-^ 
-4 2 a*5£iyC4 2 b*<> X^D >©ffl^-T«^*a 

[0051] ^mmi<D^mmmmtim6iz^tix 

S$nt^5. d©J;5IC, ^«*^W©^^.-SiJ15 
1:^0 T^x* p >^jS©«fe^M©ffi^-r^«I©^ 
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■t>=m<Di.?n>&tiim-rz>z.t\z±r)> me (a) \z 
[0052] miz, £K>g,^x.?o>%ffi, m^t~m 

<DQmx.?n><Dm&nz&^T'Pte< thmm<DK^^ 
ffi$:ffiZ-Z>Z.t\ZJiQ, £K>&<<DmWtf fcM 
%>* , £%.-V ; £Z>Z.t\Z£-oT'&t>t\Z>. 06 (b) (4, 
#fgBfl IC J; § -fi ? □ > b T coin 7j X 1 £ 

O^D7 h£0*-T -5. 06 (c) (4, 

tLTc VJ^^flx ^ D > $:ft-o*5£BM \z £ & (eISS £ 0i?c 

[0 0 5 3] ^BJ©5feO|||iS^^Jlrt3ViT> *£ffi§§ 
(4:^lHJ&7t/2©{2^£«{£U ^0«SS5O/5 

o^j§g*abTii;it^ffl^tt^$n-5. cnicj;^ 

^&(40. 0 1&J;tfO. 6TI>D> SffifliOT* 
[0 0 5 4] 08(4. jELVMSHBfS#«fctfKa**£teJH 

[0 0 5 5] 09CIOUT, 0 2 (A) K^Sn&HJS 

&mM£mmMzmm&*&m\z£z>&i<DnmBmMw 
is««tti<-^n» -Y;*>&A3n. s^i4^«^n 

[0 0 5 6] JS-jjfflBKAatf-M <!:ffi7j#-h2£ 
W-Dm—Ml 5 0/5 0^/7-9 1 0(4, -e-CDfJUdgg 
M$nfcSiSS§9 1 2*54:^9 1 4iZ^-oX^-(DmC 
MMI 5 0/5 OTJT^- 9 2 0 K^WtCSg-g-Sn^. 

m&9 1 2*3=fcz/9 1 4rtir* y h-zntcMizmmtsn 40 

[0 0 5 7] -t©ra»CSae$tlfc7 p P— hE, 9tt%9 
12, Sitf^-hE' {4, • ^D-X 

Ke, sg&g&9 14, *54;tf :tV- HE' (4, Sr7 77 

•J • ^n-X^D>*JgfiE-r§. ^-MMI*y5-9 1 

0 OMtjtf— h 2 t^rm\t>yy— 9 2 0 offlM- 
h2(4. ^-n^tim^a„ „ , , i5J;tfa 0 „ , , £g 
.SttiTjtf- h 3 t 4 £J$o8lHMMI 5 0/5 0 Jjzf=?- 
9 3 0(75A^3#-h I43«ktf 2Ki|g£-£ft£. 50 



[0 0 5 8] -f >*-U— A-/5*-f 'J— EF 

ss 9 o o co»f^$:gaj2!i-r-g,B5(c. 0 1 0 ©fc<z>a<0 9 ic 

^SnfcfcCDtfSNlWBg/tf- h 3 d B^y^-CDtaflU* 
- h 1 K-^fcftfcAafi^a, (4tf-h2:fc4;tf3PB t ] 

\zmv<wbtiz>. «^m:j;oa*i:swsftfc 

n7cff^(4, JtU— *3.U-?<D,&SVkUViZAt){^ 
^<B>#8t$tt-5. 0 9(rS5LfcMMl7J7'^— (43 

d B*7"7-tlti^§^t^Tt4. 
[0 0 5 9] 0 9 <D[UgS collate, i2(3Snfcf'f 
'J -A-/< U -A-©ftfPi:ra*"C* 

5. 0 9IC*3^T. A^ff^fa, „ (4^- b 1 (CAfcf £ 
*1, ^77^7-9 1 0C9*-h 3*34;rjC4©Sj$g§9 1 2 
*54;Df9 1 4 \Z^X—'D<0 ; f^ >^-U--7*$n-5{f 

^K-tft-en«L<a-w-&n.5. 1 o&xzt 

9 2 0W©x^D>*ilbT€]8L/*J:r^C-n*»&S*t 
LfcaSfifl^a, joJitfKmm^a, (4, MIX??- 
9 3 0C9#— h l*5J;^2ICA^$n, fLtroof 

-r > 9 - u - y$ nfc m^j«^ t l tii« s ns . 
[0060] ^js&, >?-v—7-znrcibt)X h 
u - Att, 7^^ >*;Hfc£n/c«^££ ^jc^'f 

ti#t$ns. Mx.t40 9^#MbTf2a>$nfc i fo©<D«t 

5 gflC^UT, ^-V>^.;H, 3, 5, 

7, . . . «a„ u , , \Z&WZ>tiitn?$>r), 7^>* 
)V2, 4, 6, 8, . . . (4a„ u , , l:felt5(b^T 
^^>^;H, 3, 5, 7. 9 {4, ffilOX-ZXDx 
-^h'J-Al, 5, 9*5i;Ut3, 7, 1 1 ^JEJC^ 
*#8Hfc;£ tt5«fc 5 fc, x^D>*tJ;DA#?WSR*j^ 

[0 0 6 1] 0 9©HM^^J(r«^©SiJ©^JS«^ 
*«H1 llC^^n, d^T?(4&«iSSS9 1 2*5J;OC9 1 
4IC— OO^&iattSfcJ&tC, — ^©MMITjy^— 9 
1 0*J:UJ9 2 0^lcx^n>i l l f4^fig$n, -^-O 
JBST^(4^©«R«lc^^n-5^&SS*4;Z/ j e-(Dja^o 

tx^n>«*i:*©ifitt««(Hi©jBiff*©S6t4. S/i 
[0 0 6 2] 01 2(4, affiWir^r^U • ^n-x^ 

\z, yr?v - ^n-&Mmtm®<D&mmm&. mm 

££(:<£ t>#£:n-5. ^n(4, --70A7J#-htro 
OW^J#-h ; &i^'r)3jp-h5 ; A'fXT?*-5. JICDt^A 
-r^C0ffi^7t?-h(C*(tS«^a r ^iZ/a, (477-^" 
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©tfeSTft^anS. FSR=c/AL 
[0 0 6 3] iCT, c «^CO^T?i& K> , i5=kZ>*AL 

[0064] z><Dnmwm®w. mi 3 

«r#Sfc»IC3 dBTJ^-lC^- h&fetbZtlZ. -f 10 

«. ^>f-u—y\ztavx, A^-iiso/so* 

^fc«MMl*^7--C$)-5. >f*LH||JS^CajT(i, A 
*5J:C/CBtr*5Jt?)*^-«. )t»8 2. 9%#U>^ 

ft, %<D 1 7 . 1 9S*«U >^jfi&©3li6g§£jfi 
ig*T-5J;p7i 1 7. l%/82. 9 %^J7'5--ea&S. 20 

[0 0 6 5] 014 £><fctf 1 5 U >^il§§©— O 
©fciiTJa, &J:i!>*a t ©X^ h;Hgif@*5«fcOffij[4B^ 

01611 >J>y*ISO^ -D<D\tif]a r *3«fc 

k*« fcaew-rsifcft^* >^-;hc h* - 2 is 

+ 7C/2F^T3SSIt-Rt)-5. RiKWfc, 11711 
l&^T^-T^frWffl^K^t^-C)©^ >;*-'.)- 
:/$ftfcft^-a 0 u , , *5J;t^a 0 „ , 2 <D7.^2h)l 

[0066] tnm. *»w©*Ht«H*6j4K-a-rK 30 
[0067] miz. &&m\z£-oT%zm2ntt : e; y-> 

T, 7-A©—^ a r *»»J6o»»OB»f 
^fc^HT^fc^fc^tfy^vx^AT? K-:/$ft, 

&&v>te> -^©7-A£jg^&^m43£tf$ra©ftir 

my£-rzz.£\z. &z>®&\z\t7 £ wx&fcwimzmm 
-rz>ttsb\z l &m£®ifTm£<K&£.frm?. £ft«-^© 

^ft»C±oTM&ttK##lC&g©&£5WX££^ 

[0068] ^mmmi<Dmmmmmtim 1 9tc^$n 

a^SftTH-S. £©*0!|-m> ^gA^3<tZ^B*i9 0° 
8tftT^£ftxv>£. {fcfiA, B*5J:tfcra©M««.£rF 50 
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©ifi9T?£.3„ -?t&fr-t>. AB + BC-AC = L 

ring /2, CCTL, , „ 8 tt'J>y^tlg§©S$ 

T&S. 02 0 (a) , 2 0 (b) *W2 0 (c) 

[00 6 91 E2 1 (DKfitmmmt. ttiJifo&\z&\,* 

1 0 0GHz£fc«5 0GHz FSRTtetRSfeU >^*iS 

mzmi7-?z>z.titmm-v$>z>. 0 2 1 ©MZT#«fr©s<J 

**tt*a©3tllichelson=F*»H^Riansi}— * 
[0 0 7 0] GT^iS§UC*a*-"&t3$nfcMichelson^ 

<D—-D<D^mw^Mw. 02 2 d^aft-c^s. 

fctMCiStt-ST— A 1 8 a&Jctfl 8 b©g$te, 7 — 
A18cA^i&5gST<!55. 4#-h3dBA/7 
-2 0 btf~-Z)<D 3 dB*77-2 0 a:fccfctf2 0 c© 
i$-h&yt¥mzi%Wi-?%7-& 1 8 a*3«tZ/l 8 bffl 

icaaeanTVi-s. 

[0 0 7 1] 3 d B*^7-2 0 b ©SggBfcGT#JgSgj&* 
^©Gmjg§§«-o©#&SS2 2 3*3^:^2 2 b 

©— ^>©sa5tc^ 24b ssw-s z. t it <k o , ^bxi 

&8S2 2 a*3=k^2 2 b 

7V-b2 4 aSrBBfi-rs^i:JCJ:»9^J«Sn«GT*IS 

k- h 2 4 a \,tRmmi<B' m.2 4 b tt 1 0 0 

^ t *ijf * b Vi. 77^9-2 0 a*5ckZ/ 2 
0 c«*lC3 dB^7 P 5-Tab-5. 
[0 0 7 2] 12 311, #-h2*J:^3lC^Jt0 2 
0 b©<t^7^MMI3 dB^y^-W^^tt^iD^iWIC 
SbTViS. ^41S^fc3 dB#7 P 5-©Kjfe£iI«b 
fclfcll Michelson GT^fg^-rXJC^tl^T^-C 

±5yC3rairi?b<?>lte.tlS < , m^a 2 *5J;y:a 3 

hn?tt&<, #-h4^m^fc$ti€>. e:n«, 3 

dB*7 : 7-1?<DtiL#immz£.Z>. C©ft*T, 

[0 0 7 3] 02 2, 2 4*«fcZ/2 5 ©Mach-Zhender G 
ires Toumois (MZGT)[fiIBS©ltl^ 1 bm0 - T?fe§. 31^1?. 

1, A 2, . . . AN©!ifi£fc«7K¥ffi7t©— u©^- 
^7^9-2 0 a©A?3#-h 1 iCAWt-S. fcU 
^IS©^, Sfc«7K¥©*-©<B^xA*-i'X»CAl*-r-5 

-7*Sn5. jSfiA2, A 4, A. 6. . . . \Zttl£?Z> 
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H>bn. *5J:?>'iSSA 1 . A3. A 5. . . iZttfo-fZ 
5-+>*MZ, fJ-fy-2 0 c ©SiJ©tti^^-hlr(B]W 

[0 0 7 4] l/A*3t4»*¥*fcttSBCfi3tSnT 

«4 5° TM^ntt^t, Mm^T-A«*tC, A 
1, A2, A3. A4, . . . AN^Ojfi&og 1 ^ 

[0 0 7 5] dfttt*fc*D#*fflfcBBi£Sn*B2 6 

a2 4$#,|UT, ^iggi^Wd-SJBSf^ 

tt»a-r*E»**«ff-r*&»Kit<ftWi«<tt^n« 

ft£&V>. Biffin 1 £J*o#SEgS4 1 a«. BSt^4 
2 a«»o*»H»citSj|g^3n*. 3$i&8§4 1 b*5J: 
#4 2 bf4GT*lBiS*»rig-r*/t«>fcspffKia«anT 
US. 

[0 0 7 6] Wl=F&1W?'f >7U • fJ'rj *7 7JG,1#&. 
SSWC08'J©SIJfi^S8«l**» 02 5 3*1X^-5. MZCD 30 

[0077] 02 6IM2 5 lr«^CD*%BJtC<J:SSiJ© 
SUS»8«*3Sf «*, L^Lftai*,. tf-A«|ipg§6 2 
*±^6 6 «-*f©±aBT-A 6 8 a&itf 6 8 blC 
EfSnTVJft. 02 6-2 8W|fiJg§tt, fifft#fe#tt 

-Atcgea^nfcM6 6i5j;tff-AM*ga§6 2£j$-s> 



[0 0 7 8] @2 7«. 1212 6 (C^nfcrVS-f XCOtfr 
iiJOX^— 9— 7 4f3MZ©-OC07— 

iciaa^ns. 

[0079] H2 8H. m2 7<Dnmmmm£mi&,<z>n 

Jfifl2<10<J£0^:U Z\Z\-Vlt-Bi2 3 L, /2 <D4 X 4MM 
l*^7-*«i2 7lr^$nfc-^CD5 0/5 0#:/5 

[0 0 8 0] 02 9(1 »- 3 dB*^5-0«*®MZ 

-r. 

[0 0 8 1] @3 0H, 3 dBytj^-O^OMIZ 

*5 7C ffl-C&S. \Zftt) -5. 
[0 0 8 2] 03 1 (a) «. MZ^Jgg§^fh©m^7i> 

ou., *5J;Z>*a 0 u , 2 MHgjgfc^-r. 0 

3 1 (b) (4. Jt^T©U •yT'JP^^-r- l*^0dB 

«gffl©t£5ibfc^7 7$0^-r«.. 

[0 0 8 3] 03 2 (a) «. Mft&)fcMzfU- h<Dfc 
f. 03 1 (a) ££0:3 2 (a) a>6.g&fl'«SM:7V 

-h©K»*R, *mmTz>z\t\z&r)^ fa&u-jv* 

nxus. iiz*saHF#w-ttJ:»)3fttt3a:p— 

hRi omtizfcMmmiz^zm&mm^&m-m^* 

[0 0 8 4] 

[*1] 





-ldB BV 


-l5dBx-h— VK* 


-30dBx- h — ^ ^ ^ > 


0. 1 


0. a 5 


0.635 


0. 34 


0.17 


O. 89 


O. 7 3 6 


0,5 7 



[0 0 8 5] «2«*77-^F^ffl©?^>^;i/^ [0 0 8 6] 

'IS.hMiS'^ y^U^BT. [«2] 
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-Ida BW 




-30dBx- h — ? $4 1/ K£ 


0.17 


0. 8 


0.5 1 


0.2 2 



[0 0 8 7] ^m<o^ttnm,mmmiz^T, cm 
iss^i**^ ww* (fsr) tt^Tr4->tsns. 

FSRo t = c/ (2d) 

[0 0 8 8] iCTcttaa+OJfcarrrafl, dte&S 

FSRlNTERLBAVER=C/(d) 10 

[0 0 8 9] gK, ±|2-f U— MZ 

[0090] cmssteM^cDT— Aice^ns. 

[0 0 9 1] ±te-f >^-y-A*-tt, JSiaWlCilg-t** 

[0 0 9 2] 03 3£#MLT, p^cOGT^Jgiitm^ 
^toSnfeMZ^M-fcUStK -f <J -/X— ji«jRS*l 

te-^T^-S. -t3©©7-A5!3©:g;*©i£te, -'Q©^ 

FSR t J t B « L E A V B « = c/ ( d ! + d 2 ) 

[0 0 9 3] ^i-Cc«*^*C0^5i-CSD, d, 30 
tfd 2 ttr^OCT^SHS^JHO^WftST?**. d, 

&j;tfd2 ©fit©isiR«» -r>^— >; —n— tmwizrz. 

SoaSfcilflraSSOMSOSartSR. «, d, *5J; 
tfd, A£j£fi, 43cfctfp£- 

0©lE&<hLT> *>Ld 2 -d, = (p+1/4) A CD 

>*-y— /i— ttawrc**. £©&#, 

R, =0. 172T$D. MZ©-"3©7— Af*5©ft£© 
gte (p+1/4) AK#bV». Z.<nmm*. hVAJ] 
*7 , 7-^*2 X 2 *y7-T*n«, lEbVi. hh 40 
A:*J# 7^ 1 X2MMI*y9-. £fc«Y& 
&fi77-<Di£)-£, 7-&ffl<Dm2<Dm*P \\Zt§L 
V». «jg©^-XT?fci, p = 0W. -f>^-U— A 
-«d 2 -d, Offi©i^TC9ffllC*fbT**fS-CS)^ 

[0 0 9 4] 02 6©xA*--f;*.<i:tt:ifcLfc0 3 3 ©^A* 
[0 0 9 5] 03 4te, ^-3 dB*y5-©^C9^ 50 



rs. ot + Tcffl-exsKftto*. 035 

n^t^©;*.^ h;ueasw-r. 03 4*3^^*3 5 

[0 0 9 6] *&WOWl<D&mmmMtf, 03 8 (a) 
fe«kcVC3 8 (b) fcljj* 3*1X1^5. 03 3»C*$nfcH 

§s*^*f 3 ©*X& -5. 
[0 0 9 7] f— AffiqeSgCDA^cOEBOCD^&K (X« 

MK^K thtS* 3 tl-S J; 5 fcFSR© CD tCrg^WJ: -5 

.t^it, wn\zmw&nntfn\s.ts.t>ts.\i\. sg— 3dB 

iJZfy-. *fl£L<«5 0/5 0^y^-«, 

sn*«»WR»*ffl**ur«ij«snsij©«B«ir«ii 

^SWftBSSWP^. fit, fcf— AMqsggi 5 2i^- 
•y— 1 5 8**SBSSnxVi-5. 

[0 0 9 8] sic, ^w^ioTiaiBsnsty us/ 
^ATH-^tl, K-y^nfcT-A©^©^© 
-Aa r ^j;uca t m<D&.mmm^mm\zmm u * 

n»C=toTfi^lC#*IC^©*^^WX«r^^ai 

[0099] 039 s#mlt, *&wo9iommBm 
m\z j;5-f y y -/^-tsi^^ 

^^n. ^iT^n^nsftsia^^i/ wm^ (fs 

R) *^--D©GTX^D>2 2 2*5<fctf2 2 4*^6 
^fe#1t©fi3t^jS 5 0/5 0 ©fc'- A^fiJS:^ 2 
18ICitS^SnS. i©x/\*-f ^©FSR«^T?# 

FSRl NTERLEAVBR=C/ (di +dj) 

[oioo] z.z.-ecitn&'poyem-c&r), d, *i 

CXd 2 te-0©GT#ig^£^©ft^Wfi£-Cig>-5. d, 

*j;iXd J ©M©a#?«, -f>^-y-;\*-*i^*fe 

©3t^WS$©HtGT*iSg§2 2 2 43«ttf2 2 4 ©MB 
OSW*R. tt, d, 43J;tfd a ©ffi©jSi*Ucft#-r 
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R»1 COijg&ft C0^\ d 2 -d, = (p/2+1/4) A 

[0 10 1] fi£o.T? i +>*;UttSS«WK*rcra— ?|f« 
— -DCDCTX^P>2 2 2*3«fcZ>*2 2 4©(B5flt 
B5«#«jSJIR*r# 2 2 GOSIt^R, «, 0. 18T 

& an, si*#©-oo7'-Ara<o3tt*w 

qSSESctUTl, -1, = (q/4-1 10 
/8) XC0t§£\ p = 0. i5=k^q 

= 0T&-5. 

[0 10 2] bj&>bfc!&*&, 0. 17 0. 19 COS 
> 9 - U -A*- ICjtf LT -5 C £ tfi 
ftfr-Dtt. -f >^-U— A*— ttd, -d, cofltlcoifcgTCO 

*-y-/*-fc*#bT*S©£ ( 1 , -1, ) tt, fcb 

(d, -di ) <A/4T*n«d, -d, =k 0 
/JvS<, S£C0Mte> *>b (d 2 -d, ) >A/4TS 
ta«d 2 -d, iOfc^t^fe^^. ->5al/- 20 
->3>«3 0 % S T©SWf tt^MW-f U - A- 

[0103] @4 0«, 039 fcRI«l&*«flK:J:*-f 
*>, tfl^ftSSfeoT^lz-Ty H^yi'A (GR 

in) u>x<DM5s:e>\z-&mmm&mmvTAm-rz>A 

3 3 3 a*3<t^-OCO^m^7p- h 3 3 3 bi$£.Z*3 
3 3 c iKJ:D3fc0tt©*»e£*KWfc* 30 

[0 10 4] *f{SMK> 0 3 9lC^$nfc(HlK«> — O 
CDAtl/tiiJitf- h 2 2 3 a*3«t^— 0©m^J#- h 2 
2 3b£J$%. A*/m^7f?-hCDa^^fiU^?»H^ 

«i&3-r*&»fctt, 36-y— *a u-* 

■rA-fT.^&gT&y, xA-f XcoriA h<h*g&t££if 
0JlSh 04 OCOISg&^-f U— A-C0ft:by 

-h3 3 3 b*5Jctf 3 3 3 c itXJjtf- b tLT®%. 

3 3 alJf t>^0-f >^-'J-^tl 40 
ft* b V -AC0jlJftfflffi^#- h t bTSK. 
[0 10 5] 03 9 COISSSfcttf- b 2 2 3 afc^U^ 2 

# <h#9l8[ggfflC0i|i8-&fl! CO £ C0«fc 5 & >X£&>® t-r 
5. 03 9COIh1^{C*3UT, %VS.Z.<D&o1S.V>X<D% 
ittK^oTASTTS. H4 0fc&t>T, b*-A«^g§3 

fey h bfcitf- hCOffiMfcli&BfcAffi^*.*. 

[0106] *&m<Dm<D&mmmMi)m 4ii;is 50 
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ft. £CTe-A#W&#W*SS-«>#teJB&T*n IT 

ftTUS. ddT, -OC0¥#:c0*i!WS$W;#b^ 
b^b^^e,^g§S(iS*il0lCg : ^7ioTU 

[0 10 7] 04 2*5<fctf4 3«. 7}t«J V-^COgiiCO 

1#m«;0*TS. ?flfl^fcfc#5*ft&cDli»fi£ft;tt 
*«>-CfiBTr**. *H;i©Wtttt, /W^U-yKr 

^aSSBjco^r^u • ^d-i^jsi (msesd 

[0 10 8] 0 4 4*5<tOC4 5 ic, -z><D7tz?V • ^ 

Acoid&Ttf U v— *«. -o©K*t3SHW©fW«**E 
-TS^StbTftlfflStXTViS. ^A-fXCOJiS^ffl^ 

mm-?z>£o\z, ->'j3>^*h- h->>i7tbx^ffls 
ntv^. fi*^.^-jnx.e.n^v^Bt. ->yn>ra. ^-n 
$ nt v^s^r— 7, iz z. co^x^.;i/^— =feffliiice 

»r*¥S*ffi«r*. «*rn«, b-h->>^co{« 

[0 10 9] zfACOid^t^UV— 7^;UAC0|^W^!i 

t) it5»e>n-5. jj?u v— coiU#7y> ; e^3.— ;k # 
sn^co^^s*^,. 

[0 110] ±f2corfAcoj;^^;7t?Uv-7^^Aco4# 

^js»*>*fcw*Tf**. +< f jftfi»aFSR*ses5r* c t 
KitipfiET^s. em^co-o«w#b, — 
^^its ^ £ b t^K. n& vi. 
[oiii] ico«fcp»c, [g^snfc^-r, immt 

MGTx^ n >±cofflRKco» $ &%:ik-?Z> iticif) }§j£ 
fcu ^'L^S^KtriEbv^Mfcafc^^^^ 

it$nti*mttmmz*rrz>mmz, d, - 1 2 > co^ 
[0112] 04 7\z-o^t, ^mmi<Dmmmmm 

***3nTV»*. Sl*5 0/5 0 >if\ 4 3€r 

Jto^SftvU^co-oco^n^i/ 1 4 1 a*5iz/l 4 1 

b^ieest!* - oco^n-/^co^a5icBBg$nfc— o 

C0GTX^D>1 4 5 a*5,£(!*l 4 5 b KA^b*-A*[«I 

w&ittbizmm $n^-oco b- A^#M/ffl.^*3-^ 

Sg*^-T§. A^-t-^Dy^ 1 4 9IJ&I^D 

mrz>. 
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[0113] I?D>145 a*«fctfl 4 5blt i&m 
I03g&#c£ft-Pzerodur© «fc y fctmTfe £ nfeX^- 
•y--g^ = tD^-5„ &X^D>tt£7cKW*R 2 = 1 0 

0 %£#^^lc£WT£33i|ffi<hS«^R 1 = 1 8. 5 
%£#oS*HM^B£8fC>. x^p>1 4 5 a(id 2 © 
X^-tt-1 4 5 aCioTMSn^W^, X 
^D>14 5b«d, ©X^-9-14 5bi;i-3Ti 

[0 114] ^Sfi->U^7^P^i7 1 4 1 a:fc«fctf 1 4 1 
b ©*£«:> tn-eni, iJcfctfl, d, id 10 

* mnmrnz, d 2 -d, = (p/2 + 1/4) at* 

3. 1 , i5<kZ* 1 , MOggffitt, 1, - 1 2 = ( q / 4 
+ 1/8) ££TA«g|i)£fy]l;::fc^TA = 

1 5 4 6 nm«§. A^43JcJ>*tB^*— hfct-tr;!/*-;/ 

*fv K-f >f'^Xl/>Xl 4 2 a, 142b 
*5J;tf 1 4 2 com*SBE»:EBSnTV»«. 

[0 115] 0 4 7©iag&©«jfmiaT<Z)«fc5T*<5. 
-€-©}ttt©GRlN^>Xl 4 2 alCAIKfLfc^t*— 

JttftflEKIftW-Sft*. K-A»SI7^J^ 1 4 3CD£#* 20 
n-x-f >yiC*S§bfet*-A«, fcf-A©¥#-a*»7j 
tC^Ht^tX, — ^ft!lCD¥»«X^D> 1 4 5 b»Cfa;^5 

A^SW^nfcKW^tt, GTX^D>1 4 5 al-ft** 

5. -■^>©f-A*^n ; ?ncox^D>^jijgL^, 

trtzity < a? i 4 3-e*u*i&i;:E*taFft. 

£-u *3ct^n^n©ai^^-h i 4 2 b^j;^i 4 

2 c iri^^en*. 

[0116] m4 7 \z7f;-$tifty£iBim<z>Mmzfce>$zm 

[0®©f8T¥ftIfti3li] 

[0 1 ] ^frSW^^^ichelson-Gires-Tournois^P^ 
fHtl|-r-&aT$.D. ^©5"6, (A) l3Michelson-Gi 
res-Toumois r F^th©[HlSS^ > D-y^|gTa5 0, (a) \t 
r.tH TJMi che 1 son-Gi res-Toumo i s=FW9t \Z M f -5 {SL^tt 
JSft*JSV^c^^57T*D> (b) ttMichelson-Gi 

[0 2] *ft«0&ffi}gttM0Brc, (A) tt. ¥-x 
^n>^H-^ig©^D-vi7 0T*D, (a) -ffi 
TJX* U >\ZttTZtiL#tt$i&£mK1tif7 y tr**. 

[S3] 02 (A) »r^$nfcx^D>©«kt)#iji^0 

Tab -5. 

[04] 02 (A) tr^$nfc^ifi©Sii©^JS^^* 

ftat?, (a) \*-^<DK&my'uy>7\m.fr&t>i± 
m&tLTmmt<nz>\B}m-7~ayym-v$>r)> (b) 

(a) KJRStl&feCDlCJWtt©, H«D 
Slf^T^Sn-5[Hl^^nyi7 0-t!$.»3, (c) te, KS 50 
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Gg^-h^JD^^nfc. (a) *J«ttX (b) (Cgifla©® 
&y"Uyyffl-C&Z>. 
[05] 04© (a) fr£ (c) iZTjiZtlfztBi&y'ay 

ymizmM<DVf^.v^mmmmm^m<nmtj.yayi7 

©0T&-5. 

[0 6] -7;i/^pX^D>tcWr-S0T, (a) «, 

(c) K*$nfc-7j^gs«x^D>fflffiffim*««p» 

^§©^57^19, (b) tt, ^PX^D>*3J; 
tfv;Hr£Px^ d ><DiH7]^^m< y~y 0 . 
(c) (4, 7;^2Si^n>«*nTV^*^ 
©*]©f&JfiJB«0!l©islg&0T?*s. 

[07] *«wo»j©*ifi}u»«©iW»fl:3n&sfiam 
[08] *«aii7-f;^*«»ttsn*«k5»=R«t** 

[0 9] :7>-+— l!»*»l*«**3pJfflanTV»**58 
^©giJ©HJS^fi«J©lHlK0-C*^. 

[0io] m9<D^\zmm^n^mitiy'y-<DXK) 
mmutiy'y-m^fflm^ti^^m^^. 

[011] jSSE©««itta&*asr**«f"3^ , i < '— ^~ 
-mmm&fo<nm&*wtnz>z.t\z&~D-c--D<D3Li?u 

[012] JfeoSiaSMKwSft&^r^'J • ^n- 

&M&tmmM\z%fffiv>##imm<o7uyp®9&m-v 

[013] U >^#«»##MJSttTV>**S89i©XC 
[014] U >^gg§©=^©aj7ja r $>£Zfia t © 

[015] u >^*1S§§©— ^©ai^©x^^ WHS* 
£#©^7:7 -cafe -5. 

[016] U >y#««©FSRfc^fcaittfcft* 1 * > 
^JHrH^ - tc/ 2 43<fctf + 7C/ 2 Psl-C^SI^^-S^ 
ffiH**-r, U>^i«S#©-^©m^a r *3J:tXa t 

[017] *y5-T^©^n^n©m*ic*5tt-5- 

^©-f>^-U-^nfeffi^a 0 u t , ^tfa 

o u , 2 ©x^ <ai&*M§*N&«©y5 
[018] i-*7"7-fej;r;iHAy7-pio^ 

KF-T^n^K 01 H'^$nfcs*0[^©iiii^0-T? 
[019] x-f >*-y-M-/-f >*-y-/s-«flg 
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[2 0] mi 9iz^znz>{Bi&<D-ffl<D[B]&m-e$> 



30 



3. 

:/ 1/^ -9- CD BS 5$ [3 T & -5 . 

mi^mnzm^< wdm-t > * - u - A-/x-r > ^ - 
>j - a- m&<D%mBmm <Dm^,m-c$> 

[02 3] ^A^7<D$^ft£05S;WlC^-r 3 d B MM 

]t}-77-comj£m-e&z>. io 
[024] m2 2\z^nrzh<Dt.MM-rz>tim$i?&<7) 

[025] v-r^D • ^y^-* ? xGmnmmwzti 
Mz^fH^-cKraK u -a-/x< y$- u 

-/^-IfiI^<DSiJCO|liS^^JCOBSS0-??^^. 

[02 6] xAWXCD«ftfe#ttI!jf££¥«£itSfeJe> 20 
KMZCDJ:^7-AKia*£nfcM£jfc>, *^BJICJ;?, 
GT&iggi £ Ufr&to 3 ttfcagi&SSMZ^fHcS^ < WDM 
•f >^-U -A*-/x-f U -A-IelggCDS'JcDfllM 

ft5^01JCDfifg3£0-t! t *3. 

[02 7] X^— »J—^--3C07-AKC0S$CDM*i« 

[02 8] -OCD5 0/5 O^y^-^gS 3L* /2 
C04 X 4MMI^J^7-tC@#^X.5tlfe, 02 7 COx/N* 30 
7 ICSHK CD^A-f 7s *^T0T?$.S. 

[02 9] , 3g-3 dB^7 ^ 7- com^r CDMZ^Jggg^ 
fKD ftifc ^ <D y 5 7 T? $> -5 „ 

[03 0] |g-3 dB^^^-CD^CDMZ^iggg^tl- 

[03 1] MZ*Jg§§^H-CDai^»C*5^^-OCD7 ; -l'> 

b)i>mM<z>7'7 7-e$>z>. 

[03 2] MZ*lggg^H-CDm^t*3^S-OCD^> 

U— ^$nfcm^a 0 . , i ta. . t i (07,^7 40 
h;USiiCD^57-T?*S. 

[03 3] M^*fc«#^j^cDVi-rn*Mcs;fh3n 

#&WDM-f U -A-CDB§5£0T?&£. 



[03 4] ^~ 3 dB^y^-CDf^CD-l- >^->J-/X 
[03 5] xA^X^'^WKigf^nT^S, 03 3 

fe{f^cDx^i7 h^ja^^^Ta>g*t^ffi$sccDi7'7 7 

[03 6] T^AW X^^M^WlCtSU-^nTU?,, fg~ 
3 dB^7 7 P ^-CD^CD0 3 3 CD-f U -n-<D~ 

[037] x/N'f 7,mmttmzwLWcisnT^z>. 03 

3 (D^A-f 7. CDffi iCfc ItS - O O^-f >^ - U - 7~ £ 

[03 8] — fS©GT&g§§©^a*ffi/BSnTV>5&fi£© 
feCDT, (a) te^<D&%W<D%}<DmMMmMZ*?® 
(b) «-^cD(HlgScD— gB©Pffl&0T&3„ 

[03 9] *^(CJ:-5 2 7t?- hCTl- >^-y— /t— / 
x-f U — A— mg&©H]gS:/a 7 

[04 0] #?gBjii;:j;s3#- KT^>*-y-A--/ 
[04 1] tT-A»WSC*(*:*t--3©«^5fP6n. 

[042] #u-v-»»©*jo»«**r» jieBSft©ji!k 
[043] nD<#uv-#iis(.©gi]©#»**'r. na* 

»K4»lc*»S3tgS«oj»W^b*jS-rH-c**. 04 
2, 4 3K*Sn«*flaBfl:K:ff5-l-0«ISSa£fl5tt« 

[044] i4 4it *&m<D— m\z&z>m-yt7y7 

y • ^n-i^^7^;^cD0-e$)S. 
[04 5] #5893©— ffiKJcS^-ft^r^y • ^u— 

W\mSl7 H )V? ©SiJ©g|Jfi^0tJ©0T*>5. 

[046] *&m<D-m\z£z>m-ft7T7'v -^n- 

ffiSIS!? ^ ^ CDgi]CDgyfi^0IJCD0T?a5.2). 
[04 7] *%^CDSiJCDJ; 0 3 >A^7 h&IUIffi^flJ© 

0T&5. 
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[H4 0] [H4 2] 




1 + ctJLAT 
< 



dS/dT-((In/dT)J + (d]/dT) ji 
dS/(dT.S)-dn/(dTji) + a 
dS/(dT.S)-0^y/!J + 173.y *!^-k*l-c 



[H4 3] 



I 



i 



(<fa/dT).AT 



dS/(<n\S) ~ <W(dTji) + a 



1+ 



dKy(dTw3)--0J3y +7 
dB/(dT.S) ~ 05*r - L7a ~ t.7xl0^irj ****p^-** Ut 

dBWup- a^7r °ioa- smut**-* ^ 5 ^ tT 



ds^<rr^)~ 5.7x10*% - 1 




dS/(dT,S)-6xltf 4 KT 1 
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[04 5] 




[04 6) 



dS/(dT,S)-9xl(r 4 K: 1 

HID 

2) $a <D**#*>cfc6 



2) 3SW tt&as>2&*D <DM**|cJ:6 



142a 

■fc^y* 149 14 



' 149 145a 



[04 7] 

141a 141b z««aur»«*5*e*w»**<o$m 



142b 



fflAl 
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V4x 
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.149 



142c 

/ . m*>2 



143 I45t> 



HgfflB] ¥*12^5^2B (2 0 0 0. 5. 2) 
[¥i$»iE 1 ] 

mjEtt&ms&'i 0047 

tO 0 4 7] )tCD^5 0%«X^D>©M«SB*SLT 
£3tSn, &4 1 afctgifrU &.^~ZV>X4 0 blC|6) 



X4 0 c©#— Ma*lW-&tt<6. ^£ft£<fc-5(c, 4»<L> 
ttfiAl, A2, A3, A4, . . . AnSJtOft> 

Mtu>X4 o bfeiyu o c ©tf— ht?, -lE-n^n^ 

t^W-yAK A3, A 5. . . tA2, A 

4. a 6, . . . tro^-ij-^n, *nfcj;t> 

HilE*#ftgi3«] 0 0 5 0 



[ 0 0 5 0 ] WMtm&Sti, 5 0/5 0 3-f-f>^ 

»K-fe>-9— 5 2**. yi/- h 4 2 OiSSSCtC^gnTV^ 
«geyp-h4 2©«HK#*£K:WtoftZi:h-* 

fc *5 j; # si* $ n&3tm^iwo{tffiiw« *iM»-r * fc» 

mjEtt&.m&£] 0060 
[MJEF*!^] 

[0060] &^-r>^-u-^stifcm^x h 

tS#*ft*. 9 *#JfcbTEHi2ft)fc *>©©«»; 

oftlg— giK^lAT, ^v>^;H, 3, 5, 
7. . . . iia. « , , K^tStB^-CftO, ^r>* 
;U2, 4, 6, 8, . . . ( 3a 0 u , , tCjotj-^a^T 
5=-V>^-;H, 3, 5, 7, 9te, ffi©ro0T 
-^h'J-Al. 5, 9£J;Z*3, 7, llT^MlC^ 

i»ift;sn«j:5i:, x^D>**«to*#wsR*«f 
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1 Title of Invention 



INTERFEROMETRIC OPTICAL DEVICE INCLUDING AN OPTICAL 
RESONATOR 

2 Claims 

1. A filtering device comprising: 

a resonant optical cavity having a first and a second partially transrnissive reflector, said 
resonant optical cavity having a first port disposed at the first partially transrnissive 
reflector and a second port disposed at the second partially transrnissive reflector; and, 
means for combining light beams, said means being optically coupled with the first and 
second ports of the resonant optical cavity, said means being capable of combining light 
beams exiting the first and second port so that they interfere to provide one or more 
output beams of light. 

2. A filtering device as defined in claim I, wherein the resonant optical cavity has an 
input port and wherein the first and second ports disposed at the first and second partially 
transrnissive reflectors, respectively, are two output ports. 

3. A filtering device as defined in claim 1 , wherein the device is capable of filtering an 
optical signal having a channel having center wavelength of K> and wherein the first and 
second partially transrnissive reflectors are disposed at least 5>U apart 

4. A filtering device as defined in claim 3, wherein the optical cavity is an etalon, and 
wherein the first and second partially trarismissrve reflectors are first and second end 
faces of the etalon, respectively. 

5. A filtering device comprising: 

an optical ring resonator having a first and a second waveguide coupled thereto, one of 
the first and the second waveguides having an end for receiving an input signal to be 
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filtered, the first and the second waveguide being optically coupled with the optical 
resonator at a first and second location respectively, for allowing light to couple into the 
resonator from one or more of the waveguides and or into one or more of the waveguides 
from the resonator; 

an optical coupler for coupling light within the two waveguides between said 
waveguides, the coupler being at a location along the waveguides such that output ends 
provide a filtering of said input light 

6. A filter device as defined in claim 4, wherein the etalon is a low finesse Fabry-Perdt 
etalon. 

7. A filtering device as defined in claim 4, further comprising first and second waveguide 
arms disposed between the first and second output ports and the means for combining 
respectively. 

8. A filtering device as defined in claim 7, wherein the first and second waveguide arms 
are optical fibres. 

9. A filtering device as defined in claim 8, further comprising a GRIN lens disposed 
between at least one of the optical fibre ends and at least one of an end face of one of the 
partially transmissive reflectors, and the phase shifting means. 

10. A filtering device as defined in claim 4, including a first waveguide arm coupled 
between the first output port and the means for combining light beams exiting the first 
and second output ports, and a second waveguide arm coupled between the second output 
port and die means for combining light beams exiting the first and second output ports so 
that they interfere. 

11 . A filtering device as defined in claim 7 further comprising a phase shifter disposed 
along at least one of the first and second waveguide arms for varying the phase 
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relationship between two light beams propagating along the first and second waveguide 
arms. 

12. A filtering device as defined In claim 7 further comprising a phase shifter disposed 
between one of the first and second ports and the means for combining. 

13. A filtering device as defined in claim 1 1, wherein the phase shifter provides a 
compensation for a phase difference between the two beams. 

14. A filtering device as defined in claim 7 wherein the means for combining is a splitter 
having a predetermined splitting ratio. 

15. A filtering device as defined in claim 2, wherein the resonant optical cavity, 
comprises an odd number of resonant optical cavities, at least one of the optical cavities 
having a free-spectral range of 5Xc wherein the device is capable of filtering an optical 
signal having a channel having center wavelength of A*. 

16. A filtering device comprising: 

an asymmetric interleaver/de-interleaver having an optical resonator for multiplexing and 
de-interleaving two streams of optical signals, the two streams having substantially 
different bandwidths. 

17. A filtering device as defined in claim 16 wherein the optical resonator is a an etalon 
having mirror reflectivities that provides substantially different channel spacing for two 
de-interleaved streams. 

18. A filtering device as defined in claim 17 comprising a plurality of e talons for 
enhancing Isolation. 

19. A filtering device comprising: 



(30) ^2 0 0 0 - 2 3 1 0 6 3 

a first GRIN lens and a second GRIN lens, the lenses having a substantially collimating 
end and a substantially focusing end; 

a first light transmitting spacer and a second light transmitting spacer between the 
substantially collimating ends of the first and second GRIN lenses, the spacers defining 
combining regions for light beams to combine; 

a beam splitting filter and a resonant optical cavity haying a first and a second partially 
transitu ssive reflector being disposed between the first and second light transmitting 
spacers, said resonant optical cavity having a first port disposed at the a first partially 
trans missive reflector and a second port disposed at the second partially transmissive 
reflector. 

20. A filtering device as defined in claim 19 further comprising temperature sensors 
disposed about the first and second spacers for determining at least the relative 
temperature difference between the two light transmissive spacers. 

2 1. A filtering device as defined in claim 20 further comprising a heater or cooler 
disposed about at least one of the light transmissive spacers, for varying the phase 
between two optical signals entering the optical cavity or exiting the optical cavity. 

22. A method of filtering an input beam comprising multiplexed channels of light each 
occupying a predetermined wavelength band, at least one of the channels having a centre 
wavelength of Xc P the method comprising the steps of: 

providing the input beam to a resonant optical cavity having a first end face and a second 
end face spaced a distance apart of at least 5X; 

interfering a first output beam from the first end face of the resonant optical cavity; 
with a second output beam from the second end fece of the resonant optica] cavity to 
produce one or more filtered output beams. 

23. A method of filtering as defined in claim 22 further comprising the steps of varying 
the phase relationship between the first output beam and the second output beam prior to 
combining the two captured beams. 
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24. A method as defined in claim 23, wherein the step of varying the phase relationship 
is performed so as to provide a phase offset of n at intervals of transmission spectral 
peaks between the first and second output beams to provide a de-interleaver filter 

25. A method of providing a linearized intensity variation with wavelength comprising 
the steps of: 

providing the input beam to a resonant optical cavity; 

capturing a first output beam from a first end face of the resonant optical cavity; 
capturing a second output beam from a second end face of the resonant optical cavity; 
and, 

combining the two captured beams so that they interfere with one another to produce one 
or more filtered output beams. 

26. A method as defined in claims 25 wherein the resonant cavity is an e talon. 

27. A filtering device comprising: 

an optical resonator having a first and a second waveguide coupled thereto, one of the 
first and the second waveguides having an end for receiving an input signal to be filtered, 
the first and the second waveguide being optically coupled with the optica] resonator at a 
first and second location respectively, for allowing light to couple into the resonator from 
one or more of the waveguides and or into one or more of the waveguides from the 
resonator; 

an optical coupler for coupling light within the two waveguides between said 
waveguides, the coupler being at a location along the waveguides such that output ends 
provide a filtering of said input light. 

28. A filtering device as defined in claim 27, wherein the optical resonator is a ring 
resonator. 
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29. A filtering device as defined in claim 28, comprising a first and second coupler at the 
first and second location for allowing the light to couple into the resonator from one or 
more of the waveguides and or into one or more of the waveguides from the resonator. 

30. A filtering device as defined in claim 29, wherein the first coupler ensures that the 
coupling ratio is at least 80:20 such that substantially more light is coupled into the 
resonator than remains in the waveguides by said coupler. 

31. A filtering device as defined in claim 30, wherein the second coupler ensures that the 
coupling ratio is at least 20:80 such that substantially more light is coupled into the 
waveguides than remains in the resonator. 

32. A filtering device as defined in claim 29, wherein the first coupler ensures that the 
coupling ratio is substantially about 1 7:83, such that substantially more light is coupled 
into the resonator than is coupled into the waveguides by said first and second couplers. 

33. A filtering device as defined in claim 29, wherein the optical coupler for coupling 
light within the two waveguides between said waveguides at a location along the 
waveguides is a substantially 50:50 coupler. 

34. A filtering device as defined in claim 29, wherein the optical coupler is an MMI 
coupler. 

35. A filtering device as defined in claim 29, wherein the optical coupler is a directional 
coupler. 

36. A filtering device as defined in claim 33, wherein output signals at output ends of the 
waveguides are substantially de-interleaved. 
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37. A method of phase tuning the filtering device as defined in claim 33 comprising the 
step of irradiating at least one of the optical waveguides with light of a suitable intensity, 
wavelength and duration to effect a suitable refractive index change in said waveguide. 

38. A method of phase tuning the filtering device as defined in claim 33 comprising the 
step of irradiating one of the first and second optical waveguides with light of a suitable 
intensity, wavelength and duration to effect a suitable refractive index change in said 
waveguide. 

39. A method of tuning as defined in claim 38, wherein said waveguide that is irradiated 
is first doped with a material that will effect a permanent refractive index change in the 
presence of light of a suitable intensity, wavelength and duration. 

40. A method of tuning the filtering device as defined in claim 33 comprising the step of 
providing a suitable refractive index change over a length of one of the first and second 
waveguides so as to effect a required amount of tuning. 

41. A filtering device as defined in claim 33 wherein the filter is an interleaver/de- 
interleaver filter. 

42. A filtering device as defined in claim 41, wherein the optical path length from the 
first coupler to the optical coupler for coupling light within the two waveguides is 
substantially the same as the optical path length from the second coupler to the optical 
coupler for coupling light within the two waveguides. 

43. A monolithic integrated filtering device comprising: 

an optical resonator having a first and a second ports for allowing light to couple 
between the optical resonator and first and second waveguides; and, 
means for combining light beams propagating within the first and second waveguides, 
said means being optically coupled with the first and second waveguides so that they 
interfere to provide one or more output beams of light. 
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44. A monolithic integrated filtering device as defined in claim 27, wherein the optical 
resonator is a ring resonator. 

45. A monolithic integrated filtering device as defined in claim 27 wherein the device is 
an interleaver/de-interleaver circuit. 

46. A monolithic integrated filtering device as defined in claim 45, wherein the couplers 
and waveguides are disposed within a planar monolithic slab-like substrate. 

47. An interleaver/de-interleaver circuit comprising: 

a first coupler having an input port and at least two output ports; 

a second coupler having two input ports and two output ports,, the at least two output 

ports of the first coupler being optically coupled with the two input ports of the second 

coupler; 

an optical cavity having a partially reflective surface having a reflectivity E at one end 
and a reflective surface at another end with a higher reflectivity E\ the optical cavity 
being optically coupled to one of the at least two output ports of the first coupler and at 
one of the two input ports of the second coupler. 

48. An intcrlcavcr/de-interleaver circuit as defined in claim 47, wherein the two couplers 
form a MZ interferometer. 

49. An interleaver/de-interleaver circuit as defined in claim 47, wherein one of the at least 
two output ports of the first coupler is coupled to one of the two input ports of the second 
coupler via a waveguide disposed between said two ports. 

50. An interleaver/de-interleaver circuit as defined in claim 47, wherein the first coupler 
and the second coupler are 50/50 couplers. 
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51. An interleaver/de-interleaver circuit as defined in claim 47, wherein the circuit is a 
polarization-wavelength interleaver for providing orthogonally polarized channels in a 
dc-intcrlcaving mode of operation and for providing in an interleaving mode of operation 
one of, a polarized stream of channels, and a stream of channels having each adjacent 
channels being orthogonally polarized. 

52. An interleaver/de-interleaver circuit as defined in claim 47, wherein a mirror b 
provided at or within at least one arm of the coupler to balance the polarization dependent 
behaviour of the circuit. 

53. An interleaver/de-interleaver circuit as defined in claim 52, further comprising a 
collimator for launching collimated light toward the minor and for focusing light 
received from the mirror. 

54. An interleaver/de-interleaver circuit as defined in claim 50, further comprising a third 
coupler coupled to one of the at least two output ports of the first coupler and one of the 
two input ports of the second coupler. 

55. An interleaver/de-interleaver circuit as defined in claim 54, wherein the third coupler 
is a 50/50 coupler. 

56. An interleaver/de-interleaver circuit comprising: 

a Mach-Zehnder interferometer having two optical branch paths between two 50/50 
couplers, one of the two branch paths including an etalon within the path, such that light 
traversing said one branch path is coupled from one of the couplers to the other after 
resonating within the etalon, light traversing another of the two branch paths interfering 
with the light traversing the other branch path within one of the two couplers. 

57. An interleaver/de-interleaver circuit comprising: 

a coupling means having a first input port INi and at least two output ports OUTj and 
OUT 2 ; 
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the coupling means having two other input ports JN2 and IN 3 and two other output ports 
OUT3 and OUT4, the at least two output ports OUTj and OUT 2 being optically coupled 
with the two input ports IN2 and IN3; 

an optical cavity having a partially reflective surface having a reflectivity E at one end 
and a reflective surface at another end with a higher reflectivity E\ the optical cavity 
being optically coupled to one of the at least two output ports OUTi and OUTjand at one 
of the two input ports IN 2 and LN 3 . 

58. An interlcaver/de-interleaver circuit as defined in claim 57, wherein the coupling 
means is an at least 4x4 MMI coupler having a length 3 L*/2. 

59. An interleaver/do-interlcaver circuit as defined in claim 57, wherein the coupling 
means comprises two MMI couplers. 

60. An interleaver/de-interleaver as defined in claim 49, further comprising a mirror 
coupled to two arms of the MMI coupler for lessening the polarization dependence of the 
intcricavcr/dc-intcrlcavcr and for providing a substantially polarization insensitive 
interleaver/de-interleaver. 

61. An interleaver/de-interleaver as defined in claim 60 further comprising a beam 
collimator for receiving light from one of the two arms and for providing a collimated 
beam to the mirror, said beam collimator for receiving reflected light from the mirror and 
for providing focused light to the other of the two arms. 

62. An interleaver/de-interleaver as defined in claim 61 , further comprising a a light 
transmissive spacer between the beam collimator and the mirror for providing a required 
path length difference between two main paths of MMI coupler. 

63. An interleaver/de-interleaver as defined in claim 62, wherein each of the two main 
paths comprise two arms, each arm directly coupled to one of said ports. 
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64. An interleaver/de-interleaver comprising: 

a MZ~interferometex having an input/output port and two output/input ports; 

a OT resonator optically coupled with the MZ- interferometer, the QT resonator for 

providing additional filtering and for lessening the sinusoidal shape of d&-interleaved 

channels. 

65. A method of providing orthogonally polarized de-interleaved channels comprising the 
step of: 

launching only one of vertical polarized light and horizontally polarized light into the 
device of claim 21 , and receiving de-interleaved channels of light. 

66. A method of providing light of orthogonally polarized adjacent channels, comprising 
the steps of: 

providing a stream of channelized light having a 45 degree linear polarization with 
respect to a first plane, said 45 degree linear polarized light lying in a second plane 
normal to the first plane, the first plane containing lines extending from the two 
output/input ports of the device defined in claim 21 ; 
launching said light into one of the two input/output ports; and, 
receiving light from at least one of the output/input ports. 

67. A method of manufacturing an interleavet/de-interleaver circuit comprising the steps 
of: 

providing a Mach-Zehnder interferometer having two optical waveguides between two 
50/50 couplers; 

providing an etalon optically coupled with one of the two waveguides, such that light 
traversing said one waveguide is coupled from one of the couplers to the other after 
resonating within the etalon, light traversing another of the two waveguides interfering 
with the light traversing the other waveguide within one of the two couplers; and, 
phase tuning the circuit by irradiating at least one of the two waveguides with light of a 
suitable intensity, wavelength and duration to effect a suitable refractive index change in 
said waveguide. 
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68. A multiplexor/demultiplexer comprising: 

a beam splitter for splitting a beam into a first and a second sub-beam of light; 

a first GT resonator disposed to receive the first sub-beam of light; 

a second GT resonator disposed to receive the second sunbeam of light; and 

a beam combiner for combining light output from the first and second GT resonators. 

69. A multiplexor/demultiplexor as defined in claim 68, wherein at least one of the GT 
resonators are comprised of a polymer that is sensitive to temperature for controllably 
varying a gap between two reflective surfaces of at least one of the first and second GT 
resonators. 

70. A multiplexor/demultiplexor as defined in claim 69, further comprising a control 
circuit for controlling the temperature about the polymer to controllably vary the gap of at 
least one of the first and second GT resonators. 

71 . A multiplexor/demultiplexor as defined in claim 70 wherein the control circuit 
includes a heater for raising the temperature of the polymer. 

72. A multiplexor/demultiplexor comprising: 

a beam splitter/combiner for splitting a beam launched therein in from a first location into 
a first and a second sub-beam of light and for combining received sub-beams launched 
from other locations therein into a single beam of light; 

a first GT resonator disposed to receive the first sub-beam of light from the beam 
splitter/combiner; and 

a second GT resonator disposed to receive the second sub-beam of light from the beams 
splitter/combiner, the resonators providing a feedback signal in response to receiving the 
first and second sub-beams of light, respectively, to the beam splitter/combiner. 
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73. A muJliplexor/demultiplcxor as defined in claim 72, wherein at least one of the GT 
resonators comprise a material having a path length change with temperature to provide a 
tunable hybrid thermo-optically Fabry-Perdt filter 

74. A method of demultiplexing an optical signal into or oVinterleaved light channels, 
comprising the steps of: 

splitting a beam of light comprising a plurality of light channels launched therein in from 
a first location into a first and a second sub-beam of light in a wavelength and 
polarization independent manner, 

providing the first sub-beam to a first GT resonator disposed to receive the first sub-beam 
of light; 

providing the second beam of light to a second GT resonator disposed to receive the 
second sub-beam of light, 

receiving a first output signal from the first GT resonator, and, 

receiving a second output signal from the second GT resonator, wherein the first and 

second output signals are de-interleaved light channels . 

75. A method as defined in claim 74, further comprising the step thermo-optically tuning 
at least one of the GT resonators. 

76. A method as defined in claim 77 [WARNING: FORWARD CLAIM REFERENCE] 
further comprising the step of tuning at least one of the GT resonators to change its free- 
spectral-range. 

77. A method as defined in claim 76, wherein the step of tuning includes the step of 
varying the response of at least one of the etalons to provide asymmetric channels. 

78. A method as defined in claim 77, wherein the step of tuning includes the step of 
varying the response of at least one of the etalons to provide symmetric channels. 
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Field of the Invention 

This invention relates to generally to a multi-port optical cavity and more particularly to 
an optical cavity having at least three-ports and use thereof 

Background of the Invention 

Using optical signals as a means of carrying channeled information at high speeds 
through an optical path such as an optical waveguide i.e. optical fibres, is preferable over 
other schemes such as those using microwave links, coaxial cables, and twisted copper 
wires, since in the former, propagation loss is lower, and optical systems are immune to 
Electro-Magnetic Interference (EMI), and have higher channel capacities. High-speed 
optical systems have signaling rates of several mega-bits per second to several tens of 
giga-bits per second. 

Optical communication systems are nearly ubiquitous in communication networks. The 
expression herein "Optical communication system** relates to any system that uses optical 
signals at any wavelength to convey information between two points through any optical 
path. Optical communication systems are described for example, in Gower, Ed. Optical 
communication Systems, (Prentice Hall, NY) 1993, and by P_E. Green, Jr in "Fiber optic 
networks'* (Prentice Hall New Jersey) 1993, which are incorporated herein by reference. 

As communication capacity is further increased to transmit an ever-increasing amount of 
information on optical fibres, data transmission rates increase and available bandwidth 
becomes a scarce resource. 

High speed data signals are plural signals that are formed by the aggregation (or 
multiplexing) of several data streams to share a transmission medium for transmitting 
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data to a distant location. Wavelength Division Multiplexing (WDM) is commonly used 
in optical communications systems as means to more efficiently use available resources. 
In WDM each high-speed data channel transmits its information at a pre-allocated 
wavelength on a single optical waveguide. At a receiver end, channels of different 
wavelengths are generally separated by narrow band filters and then detected or used for 
further processing. In practice, the number of channels that can be carried by a single 
optical waveguide in a WDM system is limited by crosstalk, narrow operating bandwidth 
of optical amplifiers and/or optical fiber non-linearities. Moreover such systems require 
an accurate band selection, stable tunable lasers or filters, and spectral purity that increase 
the cost of WDM systems and add to their complexity. This invention relates to a 
method and system for filtering or separating closely spaced channels that would 
otherwise not be suitably filtered by conventional optical filters. 

Currently, internationally agreed upon channel spacing for high-speed optical 
transmission systems, is 100 Ghz, equivalent to 0.8 nm, surpassing, for example 200 Ghz 
channel spacing equivalent to 1 .6 nanometers between adjacent channels. Of course, as 
the separation in wavelength between adjacent channels decreases, the requirement for 
more precise demultiplexing circuitry capable of ultra-narrow-band filtering, absent 
crosstalk, increases. The use of conventional dichroic filters to separate channels spaced 
by 0.4 nm or less without crosstalk, is not practicable; such filters being difficult if not 
impossible to manufacture. 

In a paper entitled Multifunction optical filter with a Michelson-Gires-Turnois 
interferometer for wavelength-division-multiplexed network system applications, by 
Benjamin B. Dingle and Masayuki Izutsu published 1998, by the Optical Society of 
America, a device hereafter termed the GT device provides some of the functionality 
provided by the instant invention. For example, the GT device as exemplified in Fig. 1CA ) 
serves as a narrow band wavelength demultiplexer; this device relics on interfering a 
reflected E-field with an E-field reflected by a plane mirror 16- The etalon 10 used has a 
99.9% reflective back reflector 12r and a front reflector 12f having a reflectivity of about 
10%; hence an output signal from only the front reflector 1 2f is utilized. A beam 
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splitting prism (BSP) 1 8 is disposed to receive an incident beam and to direct the incident 
beam to the etalon 1 0. The BSP 1 8 further receives light returning from the etalon and 
provides a portion of that light to the plane mirror 1 6 and a remaining portion to an 
output port. Although this known GT device appears to perform its intended function, it 
appears to have certain limitations: As opposed to the device of the instant invention 
which has a phase difference between transmitted and reflected E-fields of 0 and 
7t radians, the GT as can be seen in the graph of Fig. Kfehas some variation in phase 
between 0 and n radians. Furthermore, in the GT device a finite optical path difference is 
required in the interferometer to produce an output response that mimics the one provided 
by the device of the instant invention. Typically for a 50 GHz free spectral range (FSR) 
this optical path difference would be a few millimeters; in contrast in the instant 
invention the optical phase difference need only be approximately X/4 resulting in a more 
temperature stable and insensitive system. One further limitation of the GT device is its 
apparent requirement in the stabilization of both the etalon and the interferometer. Yet a 
further drawback to the GT device is the requirement for an optical circulator to extract 
the output signal adding to signals loss and increased cost of the device; and the 
requirement of a BSP which is known to have a significant polarization dependent loss. 
Fig. lfc)shows a graph with a linear plot of the phase difference between the two reflected 
E-fields from the GT and a mirror with an optical path difference. Further, the graph 
shows a linear plot of phase variation of reflected light from the GT. A reflection profile 
is also shown in a logarithmic plot, and a straight sloped dotted line is a linear plot of a 
GT with a finite optical path difference. 

It is an object of this invention to provide a method and circuit for separating an optical 
signal having closely spaced channels into at least two optical signals wherein channel 
spacing between adjacent channels is greater in each of the at least two optical signals, 
thereby requiring less precise filters to demultiplex channels carried by each of the at 
least two signals. 

The present invention is believed to overcome many of the limitations of the prior art GT 
device and of other known multiplexing and demultiplexing devices. 
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It is an object of this invention to provide a relatively inexpensive optical circuit for 
interleaving or de-interleaving optical channels. 

It is an object of this invention to provide an ctalon based device wherein output signals 
from two oppositely disposed ports can be controllably interferometrically combined to 
yield a desired output response. 

A wavelength interferometer can be made using a Mach-Zehnder interferometei<MZI). 
Notwithstanding, the spectral response of the MZI is sinusoidal and consequently does 
not have a desired flat-top characteristic passband; hence, its spectral window for low 
crosstalk, is small. 

A paper by K. Oda et al., entitled "A wide-band guided-wave periodic 
multi/dcmultiplexer with a ring resonator for optical FDM transmission systems, JLT, 
vol. 6, no. 6, pp 1016-1022, June 1988, discloses improving the spectral response of the 
MZI and a suitable step-like response can be obtained by adding an all-wave filter such 
as a ring resonator to one arm of the MZ as is shown in Fig. however, it is generally 
difficult to implement a low-loss ring resonator in a system having a free-spectral range 
(FSR) of 100 GHz or 50 Ghz. 

The instant invention obviates the problems associated with the bulk optics GT device 
described heretofore, and obviates a device requiring a ring resonator. 

It is an object of this invention to provide embodiments of the invention, some of which 
are planar waveguide implementations for a wavelength interleaver based on an MZ 
interferometer. 

It is a further object of the invention to provide an interleaver that uses an asymmetric 
MZ combined with a suitable resonator disposed on the shorter arm of the MZ. 
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Advantageously, the use of a planar waveguide MZ interferometer allows the setting of a 
required length difference between two arms of the MZ, very accurately. 

Summary of the Invention 

In accordance with the invention, there is provided, a filtering device comprising: 
a resonant optical cavity having a first and a second partially transmissivc reflector, said 
resonant optical cavity having a first port disposed at the first partially transmissive 
reflector and a second port disposed at the second partially transmissive reflector; and 
means for combining light beams, said means being optically coupled with the first and 
second ports of the resonant optical cavity, said means being capable of combining light 
beams exiting the first and second port so that they interfere to provide one or more 
output beams of light 

In accordance with the invention, a filtering device is provided comprising an optical 
resonator having a first and a second waveguide coupled thereto, one of the first and the 
second waveguides having an end for receiving an input signal to be filtered, the first and 
the second waveguide being optically coupled with the optical resonator at a first and 
second location respectively, for allowing light to couple into the resonator from one or 
more of the waveguides and or into one or more of the waveguides from the resonator; 
an optical coupler for coupling light within the two waveguides between said 
waveguides, the coupler being at a location along the waveguides such that output ends 
of the waveguides provide a filtering of said input light. 

In accordance with the invention, there is further provided a filtering device comprising 
an optical ring resonator having a first and a second waveguide coupled thereto, one of 
the first and the second waveguides having an end for receiving an input signal to be 
filtered, the first and the second waveguide being optically coupled with the optical 
resonator at a first and second location respectively, for allowing light to couple into the 
ring resonator from one or more of the waveguides and or into one or more of the 
waveguides from the resonator, 
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a 50:50 optical coupler for coupling light within the two waveguides between said 
waveguides, the coupler being at a location along the waveguides such that output ends 
of the waveguides provide a filtering of said input light 

In accordance with a different aspect of the the invention, there is provided, a first 
coupler having an input port and at least two output ports; 

a second coupler having two input ports and two output ports, the at least two output 
ports of the first coupler being optically coupled with the two output ports of the second 
coupler; 

an optical cavity having a partially reflective surface E at one end and a reflective surface 
at another end with a higher reflectivity E\ the optical cavity being optically coupled to 
one of the at least two output ports of the first coupler and at one of the two output ports 
of the second coupler. 

In accordance with the different aspect of the invention there is further provided, an 
inter! eaver/de-interleaver circuit comprising: 

a Mach-Zehndcr interferometer having two optical branch paths between two 50/50 
couplers, one of the two branch paths including an etalon within the path, such that light 
traversing said one branch path is coupled from one of the couplers to the other after 
resonating within the etalon, light traversing another of the two branch paths interfering 
with the light traversing the other branch path within one of the two couplers. 

In accordance with the different aspect of the invention, there is still further provided, an 
interleaver/de-interleaver comprising: 

a MZ-interferometer having an input/output port and two output/input ports; 

a GT resonator optically coupled with the MZ- interferometer, the GT resonator for 

providing additional filtering and for lessening the sinusoidal shape of de-interleaved 

channels. 

In accordance with the invention, there is provided, a filtering device comprising: 
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an asymmetric interleaver/de-interleaver having an optical resonator for multiplexing and 
de-interleaving two streams of optical signals, the two streams having substantially 
different band widths. 



Detailed Description 

In general, the spectral characteristics of an etalon filter are determined by the reflectivity 
and gap spacing of the mirrors or reflective surfaces. The Fabry-Perdt principle allows a 
wideband optical beam to be filtered whereby only periodic spectral pass bands are 
substantially transmitted out of the filter. Conversely, if the reflectivity of the mirrors or 
reflective surfaces are selected appropriately, periodic spectral passbands shifted by d 
nanometers are substantially reflected backwards from the input mirror surface. In 
adjustable Fabry-Perdt devices, such as one disclosed in United States Patent number 
5,283,845 in the name of Ip, assigned to JDS Fitel Inc, tuning of the center wavelength of 
the spectral passband is achieved typically by varying the effective cavity length 
(spacing). 

Referring now to Fig. J^an optical circuit is shown for demultiplexing a channeled 
optical signal, that is, a signal comprising multiplexed closely spaced channels, into a 
plurality of less-dense channeled signals each comprising a plurality of multiplexed less 
closely spaced channels. Operating the circuit in a first direction wherein the circuit 
performs a multiplexing function on a plurality of channels launched into an end of the 
circuit, it is an interleave*- circuit, and in an opposite direction wherein the circuit 
performs a demultiplexing function on a composite signal launched therein at an opposite 
end to provide a plurality of demultiplexed channels it serves as a de-interleaver circuit 
However, the term interleaver circuit shall be used hereafter to denote this interleaver/de- 
interleaver circuit. One such interleaver circuit is disclosed as a ooxnb splitting filter in 
U.S. Patent No. 5,680,490 in the name of Cohen. 
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In Fig. Zfthe optical intcrleaver circuit includes a 3 -port optical cavity in the form of a 
Fabry-Perot etalon filter 1 10 (shown in more detail in Fig. 3) having a first partially 
reflective end lace 1 10a and a second partially reflective end face 1 10b. The Fabry-Per6t 
etalon has an input port 101 at end face 1 10b, a second port 102 at the Fabry -Perdt etalon 
filter reflection end face 110, and a third port 103 coupled to a transmission end face 
1 10a serving as an output port. The Fabry-Per6t etalon filter 1 10 has two partially 
reflective mirrors, or surfaces, facing each other and separated by a certain fixed gap 
which forms a cavity. For the etalon filter 1 1 0, for a transmission resonance 9 is a 
multiple of tt, and the round trip phase is a multiple of 2x. 

A phase shifter for controllably delaying an optical signal passing therethrough is 
optically coupled with the third port 103 at an end of the Fabry-Per6t etalon 110. A 
50/50 splitter 1 19 is disposed between and optically coupled with an output end of the 
phase shifter 1 17 and the second port 102 of the Fabry-Perdt etalon 1 10. Although 
shown schematically as having waveguides, for example, optical fibres for directing 
signals from the etalon to the phase shifter 1 1 7 and splitter 119, less preferable free space 
implementations using mirrors or reflectors are within the capability of one skilled in the 
art. Of course coupling lenses (not shown) such as GRIN lenses are preferred for 
coupling light from and or to optical fibres from particular components. 

The inventor has recendy noticed that a phase difference between the reflected and 
transmitted E- field phase from an etalon, for example, the etalon 110, remains constant 
under certain circumstances. Furthermore, when input light is launched into the input port 
101 of the etalon, the phase difference between the a resulting signal exiting the end face 
103 and a resulting signal exiting the end face 102 is either 0 or n radians, and changes 
on every spectral transmission resonance. This is illustrated in Fig. 2b) where phase is 
plotted versus wavelength. The locking of the phase difference between transmitted and 
reflected E- fields occurs due to multiple interference effects within the etalon. 

This invention utilizes this feature by interfering the two resulting signals, by way of 
example, so that a flat spectral passband filter can be realized. By adjusting the phase 
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relationship between the two signals exiting opposing feces of the Fabry-Per6t etalon 
110, and subsequently interfering these signals, various desired output responses can be 
realized. Of course, optionally, additional control can be added to either attenuate or 
amplify one of or both of the two signals. Since the path length difference between the 
optical fibres between port 2 of the etalon 1 10 and the 50/50 splitter 1 19 and between 
port 3 of the etalon 1 10 and the 50/50 splitter will likely be other than zero or some exact 
multiple of the free spectral range of the etalon, provision of the phase shifter 117 ensures 
a means of adjusting for unwanted or desired phase differences due to path length 
differences. 

If no inherent phase difference is created between the two arms of the interferometer, that 
is, between the paths between the etalon 1 10 and the splitter 1 19, the following outputs 
will be obtained. 

Output from port 3: Er^+Et^ 07 ^ 
Output from port 2: E r e ,0T +E R e K9R *°> 

Where OR and 6T are the reflected and transmitted phases created by the etalon. The 
interferometric output will be given by the general expression: 

I R<S = ^(Br^Et^IErEtCosCAG)) 

Where AG represents a phase difference between the two E-fields. If 0R=6T then the 
phase difference for both outputs will be */2. Also if 8R-0T=7i then again the phase 
difference for both the outputs would be ti/2. Thus, the interferometric action that is 
desired does not exist. 
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However, a n/2 phase difference is provided in the interferometric arms then the two 
outputs would be given by: 

Output from port 3: E R e**+ET<J (fll > 

Output from port 2: E T c KeT+K/2) +E R e ,(eR - V2) 



As can be seen from above the outputs from the interferometer now have a rc phase shift, 
which indicates that useful or a desired interferometric action between the two signals 
can exist The phase difference for the output at port 3 and the output at port 2 would be 
GR-OT and 9R-0T-ti respectively. If 9R-0T then the phase difference for output the 
output at port 3 and 2 would be 0 and n respectively. For GR*6T=7t then output at port 3 
and 2 would have a phase difference of n and 0 respectively. Thus channel selection can 
be realized. 

The circuit can operate as a de-interleaver filter, providing the separation of odd channels 
at one output of the splitter and even channels at a second output of the splitter. 

By changing the phase relationship between the signals in the two arms of the circuit, 
being fed to the splitter, and by changing the reflectivities of the end faces of the etalon, 
for example to have 60% and 1% reflectivities, the interleaving function disappears and 
the circuit operates to provide a linearized output Such a linearized output signal is 
useful in such applications as wavelength locking, where a linear ramped signal is 
desired Furthermore, if the two output signals are subtracted from one another, the effect 
is further enhanced since no loss of the signal will be induced. 
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Turning now to Figs, ifefthrough 4fcJ an optical device is shown in accordance with the 
invention embodying a free-space device wherein unguided collirnated light propagates 
within the device. The intcrlcaver/dc-intcrleaver shown has two glass interferometric end 
plates 42a and 42b (referred hereafter as endplates 42) having a spacer disposed 
therebetween. The spacer region between the two interferometric end plates 42 has a 
50/50 coating (shown) except for where a dotted line is shown. This dotted line 
represents the region between the plates 42 where the etalon is formed (not shown in 
detail) of two at least partially reflecting surfaces having an air gap there between having 
a predetermined dimension of >5X defining the fixe spectral range of the etalon. Graded 
index (GRIN) lenses 40a, through 40c in Figs. 4ft and 4|b) serve to provide collirnated light 
through and between the end plates 42, and serve as focusing lenses at output ports. 
Mirrors 41a and 41b, are disposed at ends of the plates 42 to direct the beam toward a 
particular port. For example, light launched into an input port at lens 40a is directed at the 
etalon between the plates. About 50% of the light is transmitted through the front end of 
the etalon and follows a path wherein the light is incident upon the mirror 41a and it is 
subsequently directed to the lens 41b; the remaining light is transmitted through the back 
side of the etalon and impinges upon the mirror 4 lb where it is subsequently directed to 
the port at lens 40c. As shown, when channels having centre wavelengths 
XI, X2, X3, A4, Xn are launched into the port at lens 40a, the channels are de- 
interleaved at the ports at lenses 40b and 40c into channel groups XI ,X3,X5 and 
X2> X4, X6... respectively; thereby providing two de-interleaved groups. 
Fig. 4fc> illustrates how the same circuit of Fig. 4ft)can be used backwards to interleave de- 
interleaved channels. Furthermore, Fig. 4fe)illustrates that an extra input port at GRIN 
lens 40d can be added and the circuit can be used to switch input channels to either 
output port by appropriately adjusting and controlling the phase. 

Referring now to Fig. 5, an optical device is shown in accordance with the invention 
embodying a free-space device wherein unguided collirnated light propagates within the 
device. The interleaver/de- inter leaver shown has two glass interferometric end plates 42 
having a spacer disposed therebetween. The end plates and the spacer are joined by 
optical contacting. These contacting surfaces are polished simultaneously and in the same 



( 51 ) 



$$m 2000-231063 



orientation in order to keep their surfaces parallel within 1 0 arc seconds when assembled. 
The axis of the through hole of the interferometric combiner and the axis of the coating 
B on each of the interferometric cndplatcs are concentric within 0. 1 nun. The 
interferometric combiner is conveniently embodied by a 50/50 coating. The etalon is 
absent this coating. The collimating/focusing GRIN lenses shown in Fig. 4 are not shown 
in Fig. 5, for clarity. Temperature sensors 52 arc shown at ends of the plates 52 to 
determine the relative temperature difference between the two interferometric end plates 
42. Heaters 42a and 42b which are conveniently wrapped around the end plates 42 are 
used with the temperature sensors 52 to control the phase relationship between the 
transmitted and reflected optical signals passing through opposite ends of the etalon. 

Another embodiment of the invention is shown in Fig. 6, where an odd-integer number 
multi-cavity etalon is shown used in a same manner as was the single etalon described 
heretofore. Thus light is captured and combined from outermost opposite ports of the 
multi-cavity etalon structure in accordance with the teaching of this invention. By using 
multi-cavities, i.e. three e talons, the profile shown if Fig. 6&is acquired wherein there is 
an increase in the phase at certain portions 62 of the graph which result in a steeper 
sharper output response. Furthermore, by providing more etalon 

surfaces, i.e. at least four reflective surfaces in the instance of a three cavity etalon, more 
control is afforded by being able to change the reflectivites of each surface. Fig. 6ty 
illustrates two plots, one in dotted outline, which represents a portion of an output 
spectrum for a single cavity etalon and a solid line which represents the same portion of 
the output spectrum for a three cavity etalon device, in accordance with the invention. 
Fig. ^illustrates the circuit in accordance with this invention having a multi-cavity 
etalon coupled to a combiner. 

In previous embodiments of the invention the phase shifter has ensured an effective phase 
difference ofn/2, so that the phase shift incurred through the 50/50 splitter has been 
compensated This, then, has allowed complete constructive and destructive interference 
to occur in the interferometer outputs. However, if a different phase difference is used, 
then with a certain combination of reflectivities for the two facets of the etalon, a 
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linearized intensity variation with wavelength as shown in the graph of Fig. 7 can be 
achieved. In this example, the reflection coefficients are 0.01 and 0.6 and the phase 
difference is 0. 

Fig. 8 illustrates and alternative embodiment whereby a flat-filter pass-band is provided 
by using the correct phase difference and reflectivities. 

Turning now to Fig. 9 an alternative embodiment of the invention is provided which 
functionally similar to the embodiment shown in Fig. ^^n interleaver circuit 900 is 
shown that can be conveniently made using planar waveguide technology. Here the 
waveguides can, for example, be disposed in glass. The waveguide regions can be doped, 
ion implanted, or grafted. For example the core light guide regions can be a light 
transmissive polymer. A first MMI 50/50 coupler 910 having an input port I and an 
output port 2 at a first end is optically coupled to a second, same MMI 50/50 coupler 920 
by way of waveguides 912 and 914 disposed therebetween. Two thin partially reflecting 
plates E and E* are disposed in grooves cut into the waveguides 912 and 914. Plate E, 
waveguide 912 disposed therebetween, and Plate E* form a first Fabry-Pcr6t ctalon. 
Similarly, plate E, waveguide 914 disposed therebetween, and Plate E' form a second 
Fabry-Perot etalon. An output port 2 of the first MMI coupler 910 and an output port 2 of 
the second MMI coupler 920 are coupled to input ports I and 2 of a third MMI 50/50 
coupler 930 having output ports 3 and 4 for carrying signals s^ tX and a^ respectively. 

Prior to describing the operation of the interleaver/de-interleaver circuit 900 Fig. 1 0 is 
used as a means of describing the functionality of a four-port 3 dB coupler, similar to the 
ones shown in Fig. 9. An input signal ai provided to port 1 of the coupler 940 is divided 
equally between ports 2 and 3. After the signals are reflected backward by the mirror, 
shown, they are combined into port 4 of the coupler not port 1 . In this manner, the 
reflected signal is separated from the input signal without the requirement of an optical 
circulator. Of course the MMI couplers shown in Fig. 9 could be replaced with 3 dB 
couplers. 



( 53 ) 



ttm 2000-231063 



The operation of the circuit of Fig. 9 is similar to the operation of the de- 

ah 

interleaver/interleaver shown in Fig. 2Hn Fig. 9 an input signal a )n is launched into port 1 
and is divided equally into two de-interleaved signals on waveguides 912 and 914 at ports 
3 and 4 respectively of the coupler 910. The transmission signal a, and reflection signal a< 
transmitted through and reflected from the etalon between the couplers 910 and 920 are 
input into port 1 and 2 of the MMI coupler 930 and are provided as two de-interleaved 
output signals. Of course, each de-interleaved output stream can be provided to yet 
another similar de-interleaving circuit for further de-interleaving the channelized signals. 
For example, at a first stage such as the one described in reference to Fig. 9, channels 1, 
3,5,7,... are output on a^n and channels 2, 4, 6, 8, . are output on aouii. 
Notwithstanding, channels 1, 3, 5, 7, 9, can be fed to a similar circuit to circuit 900 
wherein the etalon has a greater FSR so that two other data streams 1,5,9 and, 3,7,11 
can further be demultiplexed. 

Another similar embodiment to that of Fig. 9 is shown in Fig. 1 1 wherein an etalon 1 1 1 is 
formed between the two MMI couplers 910 and 920 by way of providing a region in each 
waveguide 912 and 914 wherein the refractive index is different from the refractive index 
of the waveguides coupled to and adjacent to this region. The etalon region can be a 
polymer having a suitable refractive index. Of course the length of the etalon, and 
refractive index difference between the etalon region and adjacent regions must be 
sufficient such as to provide a desired reflectivity at the interface between different index 
regions. 

Fig. 12 depicts a functionally similar embodiment to a Fabry-Perdt etalon. The circuit 
shown in Fig. 12 utilizes a ring resonator. An equivalent transfer function of a Fabry- 
Perdt resonator can be obtained by combining a waveguide ring resonator and two 
directional couplers as is shown. This is a 3-port device with one input port and two 
output ports. The signals a, and a, at the output ports of the device are equivalent to the 
reflected and transmitted signals of a Fabry-Perdt resonator. The coupling coefficients of 
the directional couplers control the finesse of the cavity. The periodic spectral response is 
determined by the total length of the ring through the following equation: 
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FSR=c/AL 

where c is (be speed of light and AL is the optical length through the ring. 

An embodiment in accordance with this invention is shown in Fig. 13. The two outputs of 
the ring resonator are routed to a 3 dB coupler to obtain two interleaved signals, a^i and 
aouQ.. An interleaving function can be realized if the optical length AC is equal to the 
optical length BC, wherein the optical length is the physical length x the refractive index. 
Of course the physical length is somewhat restricted by the amount of bending that can 
be tolerated. In a preferred embodiment, for interleaving, the coupler is a 50/50 coupler. 
The coupler at C can be a directional coupler or an MM1 coupler. In a preferred 
embodiment the couplers at A and B are 17.1 % 1 82:9% couplers, such that 82.9% of the 
light is coupled into the ring, and 1 7. 1% of the light passes through the waveguides 
adjacent the ring. 

Figs. 14 and 15 show the spectral amplitude and the phase responses of the two outputs, 
a, and at, of the ring resonator. Figure 1 6 shows the phase difference between the two 
outputs, a, and a<, of the ring resonator. The phase difference alternates between -tj/2 and 
+*/2 over consecutive wavelength channels equivalent to the FSR of the ring resonator. 
Finally, Figure 17 shows the spectral transmissions of the two de-interleaved signals, a^i 
and aouo, at the outputs of the waveguide coupler interferometer 

Of course numerous other embodiments may be envisaged, without departing from the 
spirit and scope of the invention. For example, the etalon or multi-cavity etalon can be a 
tunable etalon. 

Furthermore, the monolithic waveguide devices described in accordance with this 
invention, more particularly the embodiments shown in Figs. 9, 1 1, and 13 can be 
fabricated in such a way as to make them relatively temperature stable by permanently 
tuning the device. In any of these embodiments one of the arras, a, or a* can be doped, for 
example with germanium and subsequently exposed to UV light, in order to vary the 
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refractive index of a particular section of the doped arm. Alternatively, exposing one arm 
to light of a suitable intensity and duration can in some instances yield a required 
refractive index change to permanently tunc the device. This is a convenient method 
shown in Fig. 1 8 of permanently adjusting the phase relationship between the two arms a, 
and a< thereby yielding very temperature tolerant devices. 

An alternative embodiment of the invention is shown in Fig. 19 wherein a de- 

interleaver/interleaver is shown. In this instance the locations A and B are shown to be 90 

degrees apart. The relationship between the locations A, B, and C are as follows: 

AB +BC -AC = Lrfng/2, where L ri „g is the length of the ring resonator. 

Figs. 2G& 20H and 2Qb)illustrate approximate power coupling ratios in couplers A, B, 

and C, 

The prior art circuit of Fig. 2 1 has an improved response over the use of a known 
asymmetric Mach-Zehnder interferometer filter, which is sinusoidal in output response. 
Notwithstanding, it is difficult to implement a low loss ring resonator with 100 GHz or 50 
GHz FSR. Another advantage of the MZ interferometer of Fig. 21 is that it obviates the 
use of circulator, required in a typical bulk optics Michelson interferometer combined 
with a GT device. 

An embodiment of this invention is shown in Fig, 22 implemented using waveguide 
technology based on and MZ interferometer combined with a GT resonator. The length of 
the arms 1 8a and 1 8b in combination are of a different length than the arm 18c. A 4-port 
3dB coupler 20b is disposed between arms 1 8a and 1 8b optically connecting ports of two 
3dB couplers 20a and 20c. At an end of the 3dB coupler 20b is GT resonator, which is 
formed by providing a mirror 24b at one end of two waveguides 22a and 22b and by 
disposing a partially reflecting plate 24a within a groove across the waveguides 22a and 
22b. The mirror has a reflectivity E* and the partially reflecting plate 24a has a 
reflectivity E < E\ Preferably, the mirror 24b is 100% reflective. Hie couplets 20a and 
20c are both 3dB couplers. Fig. 23 shows in more detail the functionality of an MMI 
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3dB coupler such as 20b having a mirror at ports 2 and 3. It becomes clear after 
understanding the operation of the 3dB coupler with a mirror that an optical circulator 
heretofore required in a Micbelson GT resonating device, is not required. The input 
signal a] launched into port 1 is divided equally between ports 2 and 3. When signals a 2 
and a* are reflected back by the mirror, they are combined into port 4 of the coupler and 
not port 1 . This is due to phase relations in the 3dD coupler. In this manner the reflected 
signal from the mirror is separated from the input signal without use of an optical 
circulator. 

The operation of the Mach-Zhender Gires Tournois (MZGT) circuit of Fig. 22, 24, and 
25 is similar. These devices are polarization interleaves. Only one of vertical or 

horizontal polarized light of wavelength XI, X2, XN is launched into input port 1 of the 

coupler 20a. If only vertically or only horizontally polarized light is launched into the 
device at the output of the device wavelengths/channels are de-interleaved; channels 
corresponding to wavelengths X2, X4, X6.... are directed to one output port of the coupler 
20c and channels corresponding to wavelengths XI, X3, X5....are directed to the other 
output port of the coupler 20c. 

If the input light is not horizontally or vertically polarized, the device will not function as 
a wavelength de-interleaver. Hence this device is useful in transmission schemes that rely 
on wavelength polarization interleaving. Although the circuit is shown for performing 
polarization interleaving, it can be used in an opposite direction to de-interleave channels 
as well. If light launched into the device is, for example polarized at 45 degrees, the 
output arms would both provide adjacent channels having XI , X2, X3, X4...XN wherein 
adjacent channels corresponding to these wavelengths would be orthogonally polarized, 
wherein the outputs would have inverse polarizations on each port for same channels. 
Fig. 26 which will be described in more detail hereafter, compensates for this behaviour 
such that the device is no longer polarization dependent 

Referring now to Fig. 24, an alternative embodiment is shown wherein the resonator is 
formed by employing two materials having different refractive indices. Light is partially 
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reflected at the boundary of the two materials due to Fresnel reflection. The difference 
between the refractive indices has to relatively high to achieve the desired reflectivities, 
a waveguide 41a having a refractive index nl is directly coupled to a waveguide having a 
refractive index 42a. Waveguides 4 1 b and 42b are disposed in parallel forming the GT 
resonator. 

Another embodiment of the invention is shown in Fig. 25 which is a hybrid device where 
an MZ interferometer has been combined with a micro-optic GT resonator. The shorter 
arm 18a of the MZ is coupled to a beam collimator 52such as a graded-indcx lens. The 
resonating cavity is formed of a partially reflecting spacer 54 having a reflectivity E 
separated by a mirror 56 having a reflectivity E* by a spacer 58. 

Fig. 26 illustrates another embodiment of the invention similar to that of Fig. 25 however 
a beam collimator 62 and a mirror 66 arc disposed in the pair of upper arms 6Sa and 68b. 
The circuits of Figs. 26 - 28 provide embodiments of the invention wherein the device 
functions as a polarization-independent wavelength interleaver by way of having the 
mirror 66 and beam collimator 62 disposed in the upper arm. 

Fig. 27 is a folded version of the device shown in Fig. 26. An additional spacer 74 is 
disposed in the upper arm of the MZ to provide a required length difference between the 
two arms of the MZ. 

Fig. 28 illustrates an embodiment similar to that of Fig. 27, wherein a 4x4 MM1 coupler 
of length 3 UJ2 replaces the two 50/50 couplers shown in Fig. 27. 

Fig. 29 illustrates the spectral phases of the optical fields of the MZ-rcsonator 
interferometer after the second 3dB coupler. The phase of the signal propagating within 
the longer arm of the MZ is a linear ramp (dashed line); the other curve represents the 
phase response of the GT resonator. 
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Fig. 30 shows the phase difference between the two optical fields of the MZ-rcsonator 
interferometer after the second 3dB coupler. The phase difference alternates between 0 
and +7i over consecutive wavelength channels equivalent to the FSR of the resonator. 

Fig. 3 kzO shows the spectral transmissions of the two de-interleaved signals a^i and aoua, 
at the output ports of the MZ-resonator interferometer. Fig. 3 Kb) illustrates an expanded 
view of -1 to OdB range shows the ripples in the response. The reflectivity Ri of the 
partially reflecting plate is 0.1 . 

Fig, 32ft shows the spectral transmissions of the two de-interleaved signals a^u and a^a, 
for a different value of the reflectivity of the partially reflecting plate. It is seen from 
Figs 3 Ifoland 33Wthat by increasing the reflectivity of the partially reflecting plate, Ri, the 
response roll-off becomes steeper and both the channels bandwidth and cross-talk 
window increase while the side lobe levels also increase. This is illustrated more clearly 
in Tabic 1 . Similar values for a well-designed coupler interferometer inter! caver are 
shown in Table 2 to make the comparison more understandable. It is evident that the MZ- 
resonator interferometer has a steeper roll-off and, consequently better performance than 
the coupler interferometer in terms of cross-talk. 

Table 1 Channel bandwidth and the cross-talk window for MZ-resonator interferometers 
with different values of the reflectivity of the partially reflecting plate, Ri. Note that all 
bandwidth values have been normalized against the channels spacing, which is taken as 
1. 



Ri 


1-dB BW 


-15 dB x-talk window 


-30 dB x-talk window 


0.1 


0.85 


0.635 


0.34 


0.17 


0.89 


0.736 


0.57 


Tabic 2 Channel bandwidth and the cross-talk window for a coupler interferometer. 


Ri-Ri 


1-dB BW 


-15 dB x-talk window 


-30 dB x-talk window 


0.17 


0.8 


0.51 


0.22 
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In the various embodiments of the invention, the free spectral range (FSR) of the GT- 
resonator is given by 

FSRor= c/(2d) 

where c is the speed of light in a vacuum and d is the optical length of the resonator 
cavity. The free-spectral range of the spectral response of the above interleavers are given 
by 

FSRfNTERLEAVEX = C/(d) 

Furthermore, the design of the aforementioned interleavers require that the optical length 
difference between the two arms of the ML interferometer be exactly equal to the optical 
length, d, of the resonator cavity. 

The OT resonator is placed on the shorter arm. 

The interleavers described heretofore, in principle, all result in symmetric odd and even 
channels. Notwithstanding, the embodiment shown in Fig. 33 can be designed to provide 
either symmetric or asymmetric channels. In some instances, asymmetric interleaved 
channels are desired. 

Referring now to Fig. 33, an interleaver is shown based on an MZ-interferometer 
combined with two GT resonators. The lengths of the cavities of the two GT resonators 
slightly differ from each other. The length difference between the two aims is 
approximately equal to the difference between the two lengths of the two cavities. The 
longer cavity is placed on the shorter ami. The free-spectral range of the spectral 
response of the interleaver is given by 
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FSRfNTEWUEAVER = c/(di+d 2 ) 

where c is the speed of light in a vacuum and di and d? are the optica] path lengths of the 
two GT resonator cavities. The choice of values of d t and d 2 determine whether the 
interleaver is symmetric or asymmetric. The length difference between the two arms of 
the MZ and the reflectivity Ri of the front fact of the GT resonator depend on the choice 
of values of dj and d 2 . The interleaver is symmetric if d 2 - d| = (p+l/4)X, where X is the 
wavelength and p is an integer number. Then the reflectivity Ri =0.172 and the length 
difference between the two arms of the MZ is equal to (p+l/4)5L This relation is true if 
the input coupler is a standard 2x2 coupler. If the input coupler is a ccntrc-fcd 1x2 MM! 
coupler or a Y-junclion coupler, then the length difference between the arms is equal to 
pX. In the optimum case, p=0. The interleaver would be asymmetric for all other values 
ofd 2 -di. 

An advantage of the device of Fig. 33 compared with the device of Fig. 26 is that it 
requires temperature stabilization only in the GT cavity, whereas the device of Fig. 26, 
similar to an MGTI device requires temperature stabilization both in the cavity and in the 
arms. 

Fig. 34 illustrates the phase difference between the two optical fields travelling through 
the device after the second 3dB coupler. The phase difference alternates between 0 and 
+n. Fig. 35 shows the spectral transmissions of the two de-interleaved signals at the 
outputs of the device. Figs. 34 and 35 correspond to an interleaver that has been designed 
to be symmetric. Equivakntly, Figs. 36 and 37 correspond to a device that has been 
designed to be asymmetric. 

An alternative embodiment of the invention is shown in Figs. 38&)and 38ft4 In contrast to 
the embodiment shown in Fig. 33, this embodiment only requires a single GT resonator. 
The locations of the four waveguides (or optical fibres) at the input of the beam 
collimator has to be chosen appropriately so that the two angled paths through the GT 
result in slightly different FSR's as required in the design. The first 3dB coupler, 



( 61 ) 



^2 0 0 0 -2 3 1 0 6 3 



preferably a 50/50 coupler has two output waveguides coupled directly to a single GT 
resonator consisting of a partially reflecting surface illustrated by a dotted line and having 
a mirror 156 at another end. Disposed between is a beam collimator 152 and a spacer 
158, 

Furthermore, the monolithic waveguide devices described in accordance with this 
invention can be fabricated in such a way as to make them relatively temperature stable 
by permanently tuning the device. In any of these embodiments one of the amis, a, or a< 
can be doped, for example with germanium and subsequently exposed to UV light, in 
order to vary the refractive index of a particular section of the doped arm. Alternatively, 
exposing one arm to light of a suitable intensity and duration can in some instances yield 
a required refractive index change to permanently tune the device. This is a convenient 
method of permanently adjusting the phase relationship between the two arms a, and at 
thereby yielding very temperature tolerant devices. 

Referring now to Fig. 39, an interleaver/de-interleaver circuit in accordance with another 
embodiment of this invention is shown, wherein two GT ctalons 222 and 224, each 
having a different free-spectral range (FSR) are directly coupled with a wavelength 
independent, polarization insensitive 50/50 beam splitting cube 218. The FSR of this 
device is given by FSRintcHeawr^ c/(di+d 2 ), where c is the speed of light in a vacuum and 
di and ck are the optical path lengths of the two GT resonator cavities. The selection of 
values of d| and <b determine whether the interleaver will be symmetric or asymmetric. 
The optical length difference between the two arms of the interferometer and the 
reflectivity Ri of the front fact of the GT resonators 222 and 224 depend upon the choice 
of values of d ( and d 2 . In the instance where the difference in path length between the two 
cavities cfe-di = (p/2 + where X is the wavelength and p is an integer, the device 
provides interleaving/de-inteiieaving that results in symmetric odd and even channels; 
hence the channels are all of substantially the same bandwidth. A reflectivity Ri of the 
both front partially transmissive reflectors 226 of the two GT e talons 222 and 224 is 
selected to be 0.18 and the optical length difference between the two arms of the cube is 
equal to li-b = (q/4 = 1/8)X, where q is an integer. In the optimum case, p=0 and q=0. 
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However reflectivities of 0.17 to 0.19 have been found to be suitable for symmetric 
interleaves. The interieaver is asymmetric for all other values of d 2 -di; as a general rule, 
for the asymmetric interieaver, the length difference (k-li) would be slightly smaller than 
d 2 -di if (d 2 -di)<X/4, and the length difference would be slightly larger than d 2 -d| if fa- 
d|)>A/4. Simulation has indicated that reflectivities of up to 30 percent are suitable for 
values of Ri for asymmetric interleaves. 

Fig. 40 shows an alternative embodiment of an interieaver circuit in accordance with this 
invention similar to Fig. 39, however having an input beam being launched via a beam 
collimator in the form of a graded- index (GRIN) lens 330 at an angle rather than being 
normal to the end face of the beam splitting cube 318. This substantially lessens the 
complexity of the optical circuit by providing one input port 333a and two separate 
output ports 333b and 333c. In contrast, the circuit shown in Fig. 39 has one input/output 
port 223a and one output port 223b; to couple light outward from the output end of the 
input/output port an optical circulator or out-coupling device is required, adding to the 
cost and complexity of the device. Of course, it should be realized, that when the circuit 
of Fig. 40 is being used as an interieaver instead of a de-interleaver, the two output ports 
333b and 333c serve as input ports, and the input port 333a serves as an output port for 
carrying an interleaved stream of channels. Although the circuit of Fig. 39 is not shown 
having a beam collimating/focusing lens coupled to ports 223a and 223b, the circuit 
requires such a lens at each port for coupling between the beam splitting cube and optical 
waveguides. In the circuit of Fig. 39 light is launched along an optical axis of such a lens. 
In Fig. 40, the positioning of the ports equidistant and offset by a predetermined amount 
at the outward end face of the beam collimator 330 provides the required angle. 

An alternative embodiment of the invention is shown in Fig. 41, wherein a beam splitting 
cube is made up of two portions, a first being of a refractive index nl and a second being 
of a refractive index n2. Here, the physical lengths of the two halves are equal, however 
the optical path lengths arc slightly different as required. 
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Figs. 42 and 43 illustrate another feature of polymer materials. Their path length change 
with temperature change is quite significant. In fact this property can be used in 
combination with glass or silica to fabricate hybrid thcrmo-optically tunable Fabry-Perdt 
tunable filters. 

In Figs. 44 and 45 two Fabry-Perdt etalons arc shown wherein a rubbery polymer 
expandable with the application of heat is utilized as a means of varying the gap between 
two reflective surfaces. Silicon is used as a heat-sink so that the response time of the 
device may be increased. Thus when heat is no longer applied, the silicon will provide a 
means of quickly conducting this heat energy to the case to which it is bonded. Or stated 
differently, the provision of the heat sink assists in bringing the polymer to ambient 
temperature. 

The thermal expansion of the rubbery polymer film is enhanced (by a factor of 3) due to 
the fact that the film cannot expand in-plane because it is coupled to a non-expanding 
substrate. The high Poisson modulus of polymers and especially rubbery polymers 
enhances the out-of-plane expansion to let the volume expansion fully take place. 

By utilizing the properties of the rubbery polymer film described above, the 
interleaver/de-interleaver can be tuned to provide an device having an asymmetric output 
signal from a device that was symmetric in output response, or vice versa. The center 
wavelength can be tuned by varying the FSR; these two are related and one cannot be 
changed without varying the other one. 

Thus, on a limited scale, tuning to achieve symmetric or asymmetric channels can be 
achieved by varying the thickness the gaps on both GT etalons; if the center wavelength 
is already at the right position, the size of both gaps should be changed to keep the center 
wavelength fixed. However, tuning for symmetry or asymmetry on a larger scale requires 
changing (11-12) and the reflectivity Rl as well as the two gaps, 
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Turning now to Fig. 47 an alternative embodiment of the invention is shown. Two blocks 
141a and 141b of fused silica having a reflective 50/50 coating 143 is disposed 
therebetween forming two beam splitters/combiners that arc utilized to direct an input 
beam to two GT etalons 145a and 145b disposed beside the two blocks. A spacer block 
149 separates each etalon and the input output 1 and output2 lenses. The etalons 145a and 
145b arc comprised of a spacer element made of a material such as zerodur having a low 
thermal coefficient of expansion. Each etalon also has a fully reflective end face having a 
reflectance R2=100% and an opposing surface having a reflectance Rl =18.5%. The 
etalon 1 45a has a gap defined by the spacer 145a of d2, and the etalon 1 45b has a gap 
defined by the spacer 145b of dl. The length of the fused silica blocks 141aand 141bare 
12 and 11 respectively. The relationships between dl and d2 are such that d2-dl - 
(p/2+l/4)A. The relationship between 11 and 12 arc such that 11-12 - (q/4 +1/8)X, where X 
= 1546 nm in free space. Input and output ports are disposed at output end faces of 
Selfoc graded index tenses 142a, 142b, and 142c. 

The operation of the circuit of Fig. 47 is as follows. A beam of light incident upon the 
GRIN lens 1 42a of its optical axis is directed at an angle through the lens and through its 
optical axis as it exits the lens. The beam impinges the reflective coating of the beam 
splitting filter at 143 at half of the beam is reflected backwards while the other half 
continues along a straight through path into the etalon 145b. The reflected light that 
reflected from the filter 143 is directed into the GT etalon 145au After the two beams pass 
through the respective etalons they are reflected outward and combine at the filter 143 
and are directed to respective output ports 142b and 142c. 

Although the configuration of the optical circuit shown in Fig. 47 is different than that 
shown in previous embodiments, the functionality and basic components are the same. 
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Exemplary embodiments of the invention will now be described in conjunction with the 
drawings in which: 

Sty 

Fig. Vis a circuit block diagram of a prior art Michelson-Oires-Tournois interferometer; 

Fig. Ka)is logarithmic graph plotting phase versus wavelength for a two output 
Micbelson-Oires-Tournois interferometer; 

Fig. KbMs a graph of a simulated output response of a Michdson-GLres-Toumois 
interferometer; 

Fig. 21s a circuit block diagram of a single etalon bterferometric structure in accordance 
with the invention; 



Fig. 2Sa)is a graph plotting phase versus wavelength for a two output etalon in accordance 
with this invention; 

Fig. 3 is a more detailed diagram of the etalon shown in Fig. Mn accordance with the 
invention; 

Fig. 4ajis a circuit block diagram of an alternative embodiment of the structure shown in 
Fig. ^herein two light transmissive blocks are utilized as combining regions; 

Fig. 4fa> is a circuit block diagram similar to the one shown in Fig. 4H wherein the circuit 
is operated in a reverse mode of operation; 
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Fig. 4fc)is a similar circuit block diagram to Figs 4$and 4fct wherein a fourth port is 
added; 

Fig. 5 is a detailed block diagram depicting a preferred embodiment similar to the one 
shown in Figs 4a to 4tX 

Fig. <ia>is a graph of an output response of phase versus wavelength for a multi-cavity 
etalon shown in Fig. (%% 

Fig. 6Kis a graph depicting the output response of a single cavity etalon and of a multiple 
cavity etalon; 

Fig. 6fc) is a circuit diagram of an alternative embodiment of the invention wherein a 
multi-cavity etalon is used; 

Fig. 7 is a graph depicting a linearized intensity output response of an alternative 
embodiment of tbc invention; 

Fig. 8 is a graph depicting a an output response of an alternative embodiment of the 
invention where the reflectivities and phase are selected such that a band pass filter is 
provided; 

Fig. 9 is a circuit diagram of an alternative embodiment of the invention wherein planar 
waveguide technology is utilized; 

Fig, 1 0 is a more detailed schematic diagram of an MMI coupler used in the circuit of 
Fig. 9 wherein the operation is of the coupler is described in accordance with this figure; 
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Fig. 1 1 is a circuit diagram of an alternative embodiment of the invention to that shown 
in Fig. 9, wherein two etalons are created by providing regions within the planar 
waveguide having a different refractive index than in an adjacent region; 

Fig. 12 is a block, circuit diagram of ring resonator used and is a functional equivalent to 
the Fabry-Perdt resonator shown in previous embodiments; 

Fig. 13 is a block circuit diagram of yet an alternative embodiment of the invention 
wherein ring resonator is utilized; 

Figs. 1 4 is a graph of transmission versus relative wavelength showing spectral amplitude 

response of the two outputs a, and 2k of the ring resonator, and Fig. 15 is a 

graph of the spectral phase response of the two outputs of the ring resonator respectively; 

Fig. 16 is a graph of phase difference versus relative wavelength between the two outputs 
3r and a< of the ring resonator showing the phase difference alternating between -k/2 and 
+7i/2 over consecutive wavelength channels equivalent fo the FSR of the ring resonator; 

Fig. 17 is a graph of transmission versus relative wavelength depicting the spectral 
transmissions of the two interleaved signals a^i and aouQ at respective outputs of the 
coupler interferometer; 

Fig. 1 8 is a circuit diagram of the basic circuit shown in Fig. 1 1 wherein a region of the 
waveguide between the first coupler and the third coupler is doped to become more light 
sensitive to effect a controlled refractive index change by being irradiated by a light 
source; 

Fig. 19 is a circuit diagram of a circuit shown in accordance with an embodiment of the 
invention for providing a de-interleaver/interleaver function; 

Fig. 20&)is a circuit diagram of a portion of the circuit shown in Fig. 19; and, 
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Figs. 20Wand 20fc*are circuit digrams of portion of the circuit shown in Fig. 1 9. 

Fig- 21 is a schematic diagram of a prior art wide-band guided- wave periodic 
multi/demultiplexer with a ring resonator for optical FDM transmission systems; 

Fig. 22 is a schematic diagram of an embodiment of a WDM interleaver/de-interleaver 
circuit based on a waveguide MZ-interfexometer combined with a GT resonator in 
accordance with the invention. 

Fig. 23 is a schematic diagram of a 3 dB MMI coupler illustrating diagrammaticalJy the 
functionality of the device; 

Fig. 24 is a schematic diagram of an alternative embodiment of a WDM intcrlcavcr/dc- 
interleaver circuit based on a waveguide MZ-interferometer combined with a GT 
resonator in accordance with the invention similar to that shown in Fig. 22 however 
having a resonator made by employing two materials having different refractive indices 
in the waveguides; 

Fig. 25 is a schematic diagram of an alternative embodiment of a WDM interleaver/de- 
interleaver circuit based on a waveguide MZ-interferometer combined with a GT 
resonator in accordance with the invention wherein a micro-optic GT resonator is 
provided; 

Fig. 26 is a schematic diagram of an alternative embodiment of a WDM interleaver/de- 
intericaver circuit based on a waveguide MZ-interfcromctcr combined with a GT 
resonator in accordance with the invention having a mirror added to the upper arm of the 
MZ to balance the polarization-dependent behavior of the device; 

Fig. 27 is a schematic diagram of an embodiment of the invention showing a folded 
version of the device of Fig. 26; a spacer is introduced into the upper minor to account 
for length difference between the two arms; 
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Fig. 28 is a device similar to that of Fig. 27 wherien the two 50/50 couplers have been 
replaced with a 4x4 MMI coupler of length 3IV2; 

Fig. 29 is a graph of the optical fields of the MZ-resonator interferometer after the second 
3dB coupler. 

Fig. 30 is a graph depicting the difference between the optical fields of the MZ-resonator 
interferometer after the second 3dD coupler. 

Figs. 31fa}and 3KU>are graphs of spectral transmissions of the two de-interleaved signals 
agouti and a**^ at the outputs of the MZ-resonator interferometer; 

Figs. 32&jand 3 2(b) are graphs of the spectal transmissions of the two de-intcrlcaved 
signals a^ti and a*^ at the outputs of the MZ-resonator interferometer; 

Fig. 33 is a schematic diagram of a WDM interleaver that can be designed to be either 
symmetric or asymmetric; 

Fig. 34 is a graph of phase difference between the two optical fields of the interleaver 33 
after the second 3dB coupler; 

Fig. 35 is a graph of transmission versus optical frequency showing the spectral 
transmissions of the two de-interleaved signals at the output of the device of Fig. 33, 
wherein the device is designed to be symmetric; 

Fig. 36 is a graph of phase difference versus optical frequency depicting the phase 
difference between the two optical field of the interleaver in Fig. 33 after the second 3dB 
coupler, wherein the device is designed to be asymmetric; 
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Fig. 37 is a graph of transmission versus optical frequency depicting the spectral 
transmissions of the two de-interleaved signals at the output of the device of Fig. 33, 
wherein the device is designed to be asymmetric; 

Fig386a>is an alternative embodiment of the invention wherein only one OT resonator is 
used; and, 

Fig. 38(bMs a detailed view of a portion of the circuit shown in Fig. 38HL 

Fig. 39 is a circuit block diagram of a 2-port GT interieaver/de-interleaver circuit in 
accordance with this invention; 

Fig. 40 is an alternative embodiment of a 3 -port GT interleaver/de-intcrleaver circuit in 
accordance with this invention; 

Fig. 41. illustrates an alternative embodiment of the invention is shown in wherein a 
beam splitting cube is made up of two portions, a first being of a refractive index nl and 
a second being of a refractive index n2 wherein, the physical lengths of the two halves 
are equal, however the optical path lengths are slightly different as required. 

Figs. 42 and 43 illustrate another feature of polymer materials. Their path length change 
with temperature change is quite significant. In fact this property can be used in 
combination with glass or silica to fabricate hybrid thermo-optic ally tunable Fabry-Perdt 
tunable filters. 

Fig. 44 is a diagram of a thermo-optic Fabry-Perdt tunable filter in accordance with an 
aspect of this invention; 

Fig.45 is a diagram of a an alternative embodiment of a thermo-optic Fabry-Perot 
tunable filter in accordance with an aspect of this invention; 

Fig. 46 is a diagram of a an alternative embodiment of a thermo-optic Fabry-Perdt 
tunable filter in accordance with an aspect of this invention; and, 

Fig. 47 is diagram an alternative more compact embodiment of the invention. 
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Fig. 3 
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1 Abstract 

A method and circuit is disclosed wherein two waveguides coupled to an optical resonant 
ring resonator are further coupled such that beams propagating therein interfere with one 
another to provide a desired output response. In one embodiment, multiplexed channels 
of light can be demultiplexed by the device described heretofore, or alternatively, the 
phase relationship between these two beam, can be altered prior to their being combined 
to provide, for example, a linearized output response useful in applications such as 
wavelength locking. By varying the reflectivity of the FSR and the coupling ratios and/or 
by varying the phase relationship between the two beams, a variety of desired output 
responses can be realized. By providing suitable coupling ratios and providing optical 
path lengths of the two waveguides which arc identical between the ring resonator and 
the couplers coupling the two waveguides as well as having the couplers placed 180 
degrees opposite to each other, an interlcaver/de-interleaver function is realized. 



2 Representative Drawing 
Fig. 2 
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